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PREFACE 


Protozoology as a branch of the biological sciences, has meant 
little more than the application of biological^or zoological methods 
to a definite but limited group of organisms, the Protozoa. The 
taxonomical, morphological and cytological aspects are well devel- 
oped, and much progress has been made on the pathological side as 
well as on the side of general physiology, distribution and ecology. 
But there is no common aim, little common background and no 
common point of view through which these many aspects of Pro- 
tozoa-stud}" are woven together in any definite way to make a 
science of Protozoology. In this respect Protozoology differs 
from other branches of the Biological sciences. Bacteriology, for 
example, deals with miscellaneous minute organisms, but the science 
is well-knit through special technical methods and by serological 
aims. Genetics has for material the whole world of living things, 
but is more definite in its ends than almost any othc” branch of the 
biological sciences. 

Knowledge concerning the Protozoa has developed upon one 
fundamental concept, viz.: that they are organisms of one cell. 
This, however, has not been a unifying conception; indeed, through 
sophistry, even this common ground is questioned by some. As a 
student of the Protozoa for many years, and as a teacher, it seems 
to me that what is most needed in protozoology at the present time 
is a common point of view from which we may compare and evaluate 
the vast annual output of observations and experiments. For 
such a common viewpoint it is necessary, however, to go beyond 
the conception of the cell to the underlying and more fundamental 
principles of biology.' 

In the present work I have brought together the conclusions 
founded on thirty years of research on the Protozoa and on an equal 
number of years of teaching protozoology at Columbia University 
and recently at the Marine Biological Laboratory at Woods Hole. 
I venture to hope that the presentation may be a step towards the 
unification of the various phases of Protozoa-study and a suggestion 
of a common point of view in protozoology. 

The underlying biological principle in this presentation is the 
irritability of protoplasm, combined with protoplasmic organization. 
This organization is specific for each type of living things and is 
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present in fundamental form in spores, cysts and eggs. Each such 
organization under appropriate stimuli undergoes differentiation 
through which the derived or visible organization is developed from 
the fundamental organization. Through irritability of pro1R)plasm 
and reactions to internal stimuli arising through metabolic activities 
as well as through reactions to external stimuli, the fundamental 
organization is progressively changed. Such changes lead to 
reproduction by division whereby the changed fi*ganization is 
restored to the fundamental type. Other changes are cumulative 
and lead to special modifications of organization which we recognize 
as meiotic, gametic {fnd zygotic phenomena, with accompanying 
processes of reorganization and restoration to the fundamental 
organization. Ileorganization thus inaj' be accomplished by divi- 
sion alone (for example animal flagellates) b;^’ parthenogenesis 
(endomixis in ciliates) , or by fertilization phenomena. Such changes 
are cyclical in character and differ from other changes in fiinda- 
mental organization (variation) which ma\’ be induced by permanent 
change in external environment, or by changed stimuli resulting 
from modifications of the germ plasm. 

This conception is fully developed in the following pages. The 
various types of visible organizations whi(*h form the basis of classi- 
fication are descrilied and keys are introduced to aid in the placing 
of the more common genera. The fundamental vital functions are 
treated as ma^^ifestations of vitality. Life and vitality arc treated 
as independent concepts —life as organization, and vitality as the 
activity of the organization. The various phases of vitality —youth, 
maturity, and old age— are conseciuences of changed or changing 
• organization through continued metabolism. Death is disintegra- 
tion of the organization. 

To many friends and colleagues who have helped in the prepara- 
tion of this w^ork 1 wdsh to express my grateful appreciation. The 
illustrations, testify to the artistic skill of many different assistants, 
among whom I am particularly indebted to Miss Mabel L. Hedge 
(frontispiece and others), Mr. B. Manson Valentine, Mrs. Martha 
Clark Bennett and Miss R. Bowling. To the publishers, finally, I 
want to express my thanks and appreciation for their patience and 
good nature in waiting for a work long overdue, and for their coopera- 
tion and interest in the making of the book. 

Gary N. Calkins; 

Columbia University, 1926. 
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BIOLOGY OF THE PBOTOZOA. 


CHAPTER I. , • 

INTRODUCTION. ’ 

• A PROTOZOON is a minute animal organism, usually consisting of 
a single cell, which reproduces its like by division, by budding, or 
by spore formation and whose protoplasm has passed, or will pass, 
through various phases of vitality collectively known as the life 
cycle. 

The maze of microscopic life to which the scientific world was 
first introduced by Anton von lioeuwenhoek in 1675 included a 
heterogeneous collection of animals and plants. Crustacea, rotifers, 
minute worms, diatoms and desmids as well as the more minute 
Protozoa, were all grouped together during the eighteenth and nine- 
teenth centuries, first under the nondescript term animalculce and 
later under the more descriptive term Infusiomthiere of Ledenmuller 
(1763). The correct zoological position of the higher types of ani- 
mals was recognized before the middle of the nineteenth century 
and the group of strictly unicellular forms was first definitely out- ? 
lined by von Siebold in 1848 under the name Protozoa, a term sub- 
stituted by Goldfuss (1820) for Oken’s suggestive Urthiere (1805), 
while the old name Infusoria has been retained for one of the sub- 
divisions of the group. 

The haziness in classification of the older zoologists has not 
entirely disappeared in the light of modem knowledge and we are 
confronted today by the difiiculties of distinguishing between 
Bacteria, unicellular Algee, and unicellular animab or Protozoa. 
It b no reflection on modem science that we are unable to clearly 
differentiate between these three groups. To accept the problem 
as insoluble at the present time is merely to admit and apply our 
conviction that evolution b now, and has been in the past, the pri- 
mary biological principle underlying the diversities of forms and 
functions of living things. Few biologists today will refuse to 
accept the view that higher types of animals— Metazoa— have been 
derived froin forms in the past which were more or less similar to 
present-day Protozoa; or the view that higher plants have been 
evolved from unicellular plants. The variations and adaptations 
2 
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which haVe been the stepping stones in this evolution have been 
and are still in progress among all types of unicellular things, so 
that no artificial definition of Bacteria, of Protozoa, or of Algse will 
accurately distinguish either of these groups from the Others. 
Haeckel (1866) undertook to avoid the difficulty by combining all 
unicellular forms under the common name Protista, but this b, 
obviously, only another name for the aggregate and an artifice for 
concealing the r^al difficulties which we should lik^to overcome. 
Mincbin (1912), on the ground of structural characters, would 
distinguish 'Protozoa from Bacteria by the assumption that the 
latter are not of “cellular grade” because of the absence in many 
Bacteria of a typical cell nucleus. Here again, however, the old 
difficulty shows its head for in this sense, many well-recognized 
Protozoa are not, while many Bacteria are, of cellular grade (st s 
Dobell, 1911). The problem after all has mainly an academic inter- 
est, and the chief practical value to be gained by its solution would 
be to set the limits of a text-book or monograph. We may reason- 
ably expect to find therefore, in any treatise on Protozoa, some types 
which with equal right should be included in works on lower plants 
or on Bacteria. 

It is less difficult to distinguish between Metazoa and Protozoa; 
the occurrence of a gastrula stage in the development of a question- 
able form is sufficient to place it unmistakably with the higher 
animals. Prqtozoa, indeed, are often associated in cell aggregates 
called colonies, the individual cells being held in place by proto- 
plasmic connections, by stalk attachments, or by fixation in a com- 
mon gelatinous matrix. In many cases these colonial aggregates 
resemble tissues of metazoa in their structural appearance, but tissue 
cells are dependent upon other parts of the animal for fulfilment 
of their vital activities while every cell of a colonial protozoon may 
be self-sufficient and independent, and differentiation among them 
is limited, at most, to reproductive and somatic cells (c. g., Volvox 
glabeUor, Pleodorina Ulinoisenais, and their dose relatives). 

While the single protozoon is to be compared structurally with a 
single isolated tmit tissue cell of a metazoon as a bit of protoplasm 
differentiated into cell body, or cytoplasm, and nucleus, it is a very 
different unit physiologically. In its vital activities it should be 
compared, not with the unit tissue cell, but with the entire organism 
of whidi the tissue cell is a part. All animal organisms perform 
the same fundamental vital activities of nutrition, excretion, irri- 
tability with movement, and reproduction, which are fundamental 
attributes of living animal protoplasm. In the higher t 3 q)es of 
Metazoa there primary activities are performed by complex organ 
systems, nutrition for example, involving not only the digestive 
system but the muscular, nervous, circulatory and respiratory 
systems as well. Each organ has its particular part to play in the 
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economy of the whole and each cell is differentiated for the purpose 
of its specialized function. Tissue cells, therefore, are physiologic- 
ally unbalanced cells since they are preeminently specialized for 
secretien, or contraction, or irritability, etc. Division of labor in 
a physiological sense here reaches its highest expression. 

In the lower Metazoa the organ systems are less highly special- 
ized; fewer organs are present to perform the same fundamental 
vital activiti^ and the tissue cells have relatively more kinds of 
work to do for the organism as a whole. Thus the supporting and 
covering cells of a ccelenterate combine the functions oKres^ration, 
irritability, muscular contraction, excretiontand circulation with 
the primary functions of an epithelium. Each of them is more 
nearly balanced physiologically than a single cell of the higher 
t)(pes, but it still needs the activities of other cells, and the organism 
is again the sum-total of all its cellular parts. 

In the protozoon, finally, we find a cell which is physiologically 
balanced; it is still a cell and at the same time a complete organism 
performing all of the fundamental vital activities within the Con- 
fines of that single cell. Whitman, in his essay on “ The Inadequacy 
of the Cell Theory” (1893) clearly expressetl the inconsistencies in 
the common use of the designation “cell” for this variety of struc- 
tures, and later writers, notably Gurwitsch (1905) and l)oI>ell 
(1911) have followed in a similar vein. 

As organisms the Protozoa are more significant than as cells. 
In the same way that organisms of the metazoan grade are more and 
more highly specialized as we ascend the scale of animal forms, so 
in the Protozoa we find intracellular specializations which lead to 
structural complexities difficult to harmonize with the ordinary i 
conceptions of a cell. In perhaps the majority of the Protozoa the 
fundamental vitel activities are performetl, as in the simpler Amcebse 
or simple flagellates, by the protoplasm as a whole and without other 
visible specializations than nucleus and cell body. In other forms, 
however, intracellular differentiations lead to intracellular division 
of labor which in some types becomes as complicated as are many 
of the organisms belonging to the Metazoa. Thus Dijylodininm 
ecavdatum, one of the Infusoria, according to Sharp (1914) has 
intracellular differentiations of extraordinary complexity (Fig. 2). 
Bars of denser chitinous substance form an internal skeleton; 
special retractile fibers draw in a protrusible probo.scis; similar 
fibers closing a dorsal and a ventral operculum; other fibrils, func- 
tioning as do nerves of Metazoa, form a complicated coordinating 
system; cell mouth, cell anus, and a fixed contractile vesicle or 
excreting organ, are also present. All of these are differentiated 
parts of one cell for the ijerformance of specific functions, and all 
perform their functions for the good of the one-cclled organism which 
measures less than inch in length. Analogous, if not so com- 
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plete intiacellular differentiations are present in the majority of 
Infusoria, while many of the flagellates, notably the Trichonymph- 
idee, have an ^most equally elaborate make-up. In all such cases 
the single cell is a complicated mechanism and the cooperating parts 
have the same relation to the organism as a whole as do the organs 
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Fio. 2,—Diplodinium ecaudatum, a parasitic ciliate in cattle. A, anal canal and 
defecatory vacuole; C. F., one of the two contractile vacuoles; jif , motorium with 
fiber to circumpharyngoal rins; Afoc., macronuclcus; itfic., micronucleus; St skeletal 
layer. (After Sharp.) 

of a metazodn. Compared with an Amaba proieua or other simple 
rhizopod such complex organisms are highly specialized and show 
the extent to which intracellular differentiation may be carried. 
As Gurwitsch,' Hartmann, Dobell, and others have pointed out, the 
application of the term cell which designates a structural unit with 
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specific physiological activity in Metazoa seems to be inappropriate, 
and as Whitman argued, inadequate. 

Cell aggregates or colonies are likewise highly variable ip their 
functional specialization. While many of them consist of fortuitous 
groups of cells with dimensions varying with the number of indi- 
viduals joined together (c. g., Ophrydium veraaiile, Dinobryon 
aertularia, etc.), others are definite in form, number of cells, and in 
arrangement (e. g-., Platydorina cavdata, Kof.). Here the colony as 
such has a distinct individuality and in some cases {e. g., Gonium 
pectorale) undergoes aplefinite developmental cycle (Fig. 3). Again 
some colonies composm of otherwise independent cells do not react 
as separate individuals but the colony reacts as a coordinated whole. 
Thus Zoothamnium arbuscuh, composed of many hundreds of indi- 



Fio. 4.— Types of Protozoa. A, Amwha proteun, a rhizopod; B, Peranema trich(h- 
phora^ a flagellate; (7, Slylonychia mytilis, a cilia tc; />, a polycystid gregarine; 
Tokophrya quadripartitat a suctorian. {A, after Calkins, C, E, after Biitschli; 
D, after Wasielewsky.) 

vidual cells in a colony which may attain a diameter of 1 inch, 
reacts as a unit organism if any one of the component cells is irri- 
tated (Fig. 210) . The entire aggregate contracts into a small ball, so 
minute that it is .scarcely visible. The concerted action is due to 
the contraction of stalk myonemes which are continuous through- 
out the entire aggregate, like the coenosarc of some hydroid colonies. 
For such colonies of protozoa, as for analogous colonies of hydroids, 
the expression “individual of a second order” has been applied. 

Between the limits of the simplest and the most complex of uni- 
cellular organisms are the great majority of the (estimated) 15,000 
or more known Protozoa. In each of the main subdivisions sim- 
plicity as wdl as extreme complexity of organization is represented, 
each subdivision including a series of representative forms ranging 
from one extreme to the other. Differentiations in the different 
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subdivisions do not follow the same lines of development/ however, 
so that we are able to classify Protozoa according to a fairly natural 
system. These diverse lines of development make it difficult to 
treat this branch of the animal kingdom in any general way; the 
wide range in habitat from the purest waters of lake or sea to the 
foulest ditch, and adaptations to environments varying in char- 
acter from a mountain stream to the semifluid substance of an epi- 
thelial, nerve? or muscle cell, has brought about manifold varieties 
of structure. To describe all of these modifications under a few. 
headings, or to attempt to formulate general laws from<the different 
and often highly complicated life histories, fs out of the question. 
The general trends of differentiation, however, permit of grouping 
the different kinds of Protozoa in four types which were first out- 
lined by the French microscopist Felix Dujardin in 1841. Three 
of these types— Sarcodina, Mastigophora, and Infusoria— are based 
upon the nature of the locomotor organs— pseudopodia, flagella, 
and cilia respectively— while a fourth type— Sporozoa— includes 
organisms which are invariably parasitic in mode of life and are 
essentially without motile organs (Fig. 4). 

DISTBIBUnON OF PROTOZOA. 

Protoplasm is an aggregate of fluid colloidal substances in 
which water plays a conspicuous part; exposed^ to the air it 
dries and desiccation is fatal to the majority of Protozoa, although 
it is possible that some forms, like certain rotifers, may reab- 
sorb moisture and again become active. If the fluid protoplasm 
is surrounded by impervious membranes evaporation is prevented* 
and within such capsules the protoplasm remains alive. This 
is the condition of encystment and many kinds of Protozoa, 
protected by their cyst membranes may live for long periods 
out of water (Fig. 5). Because of their light weight these cysts 
may be carried in the air. and blown by the winds with dust, until 
surrounded again by water the organisms emerge from their cysts 
and are active once more for a few hours. Such encysted forms 
account in part for the surprising protozoan fauna in uncovered 
sterilized water in which food substances come from similarly 
protected germs of Bacteria and minute plant forms. Similar 
encysted forms may be present on the blades of dried grass, leaves, 
and other vegetation. In the infusions formed by soaking such dried 
vegetation in water various species of monads {Monas, Oicomonas, 
B(^o) and of 'ciliates (Colpoda, Oxyiricha, Stylonychia, Uroaiyla, 
Gastrosiyla, and VorticeUa) and the rhizopod AmcAa make their 
appearance in the order given (Woodruff, 1912). l*uschkarew (1913) 
concluded that air-borne cysts play only a minor role, however, in the 
spread of Protozoa. It was found that on the average, there are 
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only 2i protoioon cysts per cubic millimeter of air and that these are 
limited to 13 species and represent the same types for the most part, 
as those listed by Woodruff. Protozoa are very apt to stick to 
solid substances when they encyst and are carried, in the dri^ state, 
with such substances, which accounts in part for the appearance of 
Protozoa in all kinds of infusions. Similar adhering cysts may be 
carried from place to place by birds and other flyi^ creatures or 
by land animals thus helping to maintain a common type of proto- 
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V Fig. 6.— Types of Protozoan cysts. A ^ of Ochromonaa ap; B ^ of HydrurusfcBtidua; 
C, of Podophrya fixa; D, of Euglypha alveolata; of Chromulina paacheri; F, of Vahl^ 
kampfia Umax. (A, E, after Ktihn; C, F., after Calkins.) 

zoan fauna in pools and casual waters. Some forms to which 
Lauterbom (1901) has applied the term “sapropelic fauna,” appear 
to be able to live without free oxygen. Thus Frontonia levcas, 
Prorodm (mm, Spin>si<mujn ambigmm, Pehmyxa pabairis, P. 
bimtdeata, etc., which usually live in relatively clear waters, may 
also live in .the sulphurous medium of putr^ying vegetable and 
animal matter, while certain species of ciliates of fantastic form, 
seem to require this peculiar habitat for their vital activities 
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{Daetjflochlamyg pigciformia, Lauterb., Saprodinium dintaium, 
Lauterb., Disoomorpha pecHnata, Levand., Pdodinium rmiformt, 
Lauterb.) . Doflein, followmg the su^estion made earlier by Bunge, 
believes* that the anaerobic parasitic forms of the digestive tract 
may have had their initial start towards parasitism when living as 
> such sapropelic forms.^ 

Protozoa are^distributed over the entire world. Wherever there 
is moisture, there will these unicellular animals be found imless 
conditions of beat or of chemical composition are inimicable to life. 
Oceans and their tributaries, lakes, ponds, pools and ditches, 
mountain streams and wells contain them, thiir niunerical abund- 
ance depending on the available food. They are present, not only 
in permanent waters but also in casual puddles of held and road, in 
drdplets caught in the axils of leaves or in hollows of rocks, in rain 
water of roof or pail, and in damp moss. In many cases they are 
active for only an hour or more imtil their world dries up when they 
may again encyst, but some forms retain their activity in ordinary 
garden earth where they are supposed to play an important part in 
connection with Bacteria of the soil (Cutler and Crump, 1920, 
Goodey, 1916). The majority of such soil-dwelling forms belong 
to the Sarcodina and Mastigophora, Gruber’s Amceba terricola 
being a typical case, while other genera and species are discovered 
from time to time (Bodo, Prowaz^cia, Spironema, Oicomonas, Cerco- 
monos, Nagleria punctata and many others. • 

While excessive heat kills them, excessive cold does little harm 
beyond retarding vital activities and the melted ice of glaciers may 
teem with them, and some species are not harmed by exposure to 
liquid air. 

They may live not only in the exposed waters of the earth’s 
surface but also as parasites in the fluids of other living protoplasm 
or its products. They may be found in the warm blood of birds 
and mammals, or in the cold blood of fishes, amphibia and reptiles; 
in the digestive tract of every type of animal; in the saliva and urine 
of different types and in the living protoplasm itself of plants, other 
Protozoa, and of tissue cells. No type of animal life is free from the 
possibility of association with Protozoa either as commensals, or 
symbionts or parasites. 

The common Protozoa of our own ponds and pools are exactly 
the same in genera and species as those found in similar places in 

^ The suggestive experiments and conclusions of Avery and Morgan (1924) give 
reason for the belief that the inability of some organisms to live in free-oxygen hold- 
ing media is due to the absence in such forms of a peroxidase capable of breaking 
down hydrogen peroxide. The latter accumulates under ordinary a&robic conditions 
and is detrimental to forms which are unable to provide the peroxidase. The limi- 
tation of free oxygen may be the explanation of successful artificial cultivation of 
forms — for example Spiroatamum which grow best under partly anafiro- 

bic conditions (see Bishop, 1923). 
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Europe, Asia, Siberia, Africa, South America and Australia; they 
are cosmopolitan, and the temptation to describe new species because 
they happen to have been found in some hitherto unexplored local- 
ity has no justification from the facts of geographical disfribution. 
This is particularly applicable to the fresh water forms but does not 
apply equally to the deep sea types. The littoral fauna of salt* 
water like the fresh water forms, appear to have a cosmopolitan 
distribution according to the observations of Gourret and Boesser 
(1886), of Levander and of Hamburger and Buddenbrock in Europe, 
and in North America where the brackish waters are particularly 
rich in number anfi variety of Protozoa. The pelagic and deep 
sea forms appear to be unequally distributed; some types are 
apparently limited to the Indian Ocean; others to the Atlantic, 
while many tropical genera and species, especially of Badiolaria 
and Foraminifera, are not found in the polar seas and vice versa. 
Some strictly pelagic forms on the other hand, notably NoctUma 
miliaris, are found on or near the surface of sea water in all parts 
of the world. 

Observations are sufficiently numerous to show that not only is 
there a certain climatic distribution of salt water forms, but a 
vertical distribution as well. Certain genera and species of Iladio- 
laria and Foraminifera are present in the surface waters but are 
never found at the depth of from 600 to 3000 feet, while some fam- 
ilies, notablv the Challengeridte and Tuscaroidae, are present only 
in the extreme depths of the sea. 

Many species are sufficiently adaptable to live either in fresh, 
brackish or salt water; indeed most of the common forms of rhizo- 
pods, flagellates and ciliates seem to be equally at home in either. 
Many types, however, sometimes entire groups of Protozoa, are 
not so ubiquitous; the sub-class Badiolaria for example, comprising 
more species than any other entire class of Protozoa, are exclusively 
marine, while another large sub-class of the Sarcodina, the Fora- 
minifera, comprises only a few fresh water representative species. 
Many more types of Dinoflagellata are present in salt than in fresh 
water. Ciliates are poorly represented in the deep sea, although 
one family— Tintinnidse— is wonderfully rich in salt water forms 
while fresh water forms are uncommon. Heliozoa, another sub- 
class of the Sarcodina, on the other hand, are typically fresh water 
forms with relatively few salt water representatives. Many forms, 
especially the chlorophyll-bearing flagellates, are too sensitive to 
live vigorously in stagnant waters but thrive in the pure water of 
lakes and reservoirs, a predilection on their part which frequently 
leads to offensive odors and tastes in natural drinking waters 
{Uroglenopsis americana, Synura uvella). 

The distribution of parasitic forms belonging to all groups of the 
Protozoa, obviously follows the distribution of their hosts and we 
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know too little on this subject to generalize; where anu^ls are 
segregated the opportunities for parasitism are enhanced while some 
climatic^ conditions are more advantageous than others for the 
spreading of germs. Thus the blood-dwelling parasites are more 
common in the tropics than elsewhere, the biological conditions 

* favorable to the intermediate transmitting hosts being largely 
responsible for Jheir numbers and variety. 

GENERAL ORGANIZATION OF THE PROTOZOAN BOOT. 

Although Protozoa belong unquestionably* to the microscopic 
world their sizes vary within wide limits. Some are large enough 
to be picked up with forceps (Porospora gigantea, up to 1(5 mm.) 
anfl many of the larger ciliates are easily visible to the unaided eye 
(Burmria tnincatella, Spirostomvm ambigunvi) while many smaller 
types can be seen by the trained eye as mere white specks which, 
in some cases, may be identified by their characteristic movements 

• («. g., Paramecium, Frontmia, DUeittue, Ampkileptus, LoxophyUum, 

etc.). At the other extreme in size are types which are barely 
visible even with the most powerful lenses of the microscope. 
From 8 to 16 such forms have ample room for existence in a red 
blood corpuscle {Babesia cards), or 2(X) to 300 may live simulta- 
neously in a single infected liver or spleen cell of man (Leishmania 
donovani). Between these two extremes of size He th^ majority of 
Protozoa. Their measurements are usually expressed in terms of 
“microns” or thousandth parts of a millimeter which are represented 
by the symbol p each micron being of an inch. Thus Ijeish- 

mania donovani measures from 2p to ip, Paramecium caudatum 
upward of 2Q0p, Bursaria truncatella, 1500m, etc. 

The same species frequently shows remarkable variations in size 
due to environmental conditions or to different stages in the life 
history. Thus normal specimens of Paraviecium caudatum may 
measure from 175m to 25()m when fully grown and similar variations 
are characteristic of all species. Jlnvironmental conditions, espe- 
cially food conditions, are frequently responsible for changes in 
size and character of a species, often rendering them difficult to 
recognize and affording tempting opportunities ior swelling the list 
of synonyms by new names for the abnormal forms. Thus Dileptus 
anser when starved has a very different size and character from the 
normal form (Fig. 6). Again, different normal stages in the life 
history of a given species are not infrequently mistaken for different 
species, largely because of difference in size. Thus iJroleptus 
mobilis (see Fig. 1), in its adult vegetative condition, measures 
about 150 m, but immediately after conjugation not only is it reduced 
by one-third in size, but its internal strueture is entirely different 
from that of the usual form, while during the period of old age it 
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Fio. 6 . — Dileptua anaer, two sister cells. normal individual; individual starved 
for several days. (From Calkins.) 



Fig. 7.—Uroleptua mobUia Engelm. Old age specimens showing degeneration of 
macronudeuB M and loss of micronuclei. See frontispiece. (After Calkins.) 
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frequ^tly measures less than 75 m (Fig. 7); and has a different 
appeiu«nce from the more youthful stages. 

A. Fonn-rdations of Protoioa.— The more important factors 
which ddlermine form in Protozoa are: (1) The density or con- 
sistency of the protoplasm; (2) the presence of lifeless secrotions 
•and deposits in the form of membranes, shells and skeletons; (3) the 
mode of life; (4) the mode of reproduction; (5) inheritance. 

(1) Frotopla^e Consuteney.— AH protoplasm contains the same 
fundamental chemical elements, C, H, N, O, and P which are 
necessary for the performance of vital activities. With these 
fundamental elements are associated mineral elements of one kind 
or another, Na, K, Ca, Mg, Fe, etc., usually as salts of different 
kinds and water. The physical properties vary with the composi- 
tion*in different cases and some types arc more fluid, some more 
’ dense, than others. As a jelly-fish or medusa is obviously more 
fluid than the closely related hydroids or sea anemones, so it is with 
Protozoa. Some types are remarkably watery in their make-up 
while others are dense and stiff; a Nuclearia delicatula is much more 
fluid than Amc^a proieus, and the latter more fluid than a Pelomyxa 
palustria. 

These differences in consistency of the protoplasm have much to 
do with the form assumed by Protozoa, and more fluid forms, if not 
confined by resistant cell membranes, readily change in form 
according to environmental conditions, or by virtue of foiws coming 
from metabolic activities within, Amceba proteus and other species 
of Amaba are amorphous and are constantly changing in shape, a 
characteristic phenomenon to which the term amoeboid movement 
is applied, and the same protoplasm may be spherical in form, or 
flattened on the substratum, or extended in various ways. Many 
forms, under certain pressure conditions in the surrounding medium 
due to evaporation or reduced volume of water, will suddenly burst 
arid disappear leaving no trace whatsoever of their previous presence. 
This phenomenon has been repeatedly mentioned by earlier observ- 
ers in connection with types of Protozoa belonging to all classes, 
and the term diffluence was applied to it by Dujardin. In such cases 
the fluid protoplasm is usually confined by a resisting membrane 
or cortex which remains intact during the onlinary phases of 
activity but when the pressure from within becomes too great for 
the resistance of the membrane the latter collapses, the cell disap- 
pearing with all the characteristics of a miniature explosion. 

Another evidence of the difference in density between different 
species of Protozoa is the reaction after cutting with a scalpel, 
i^me species, for example Paramecium caudatum, are extremely 
difficult to cut successfully owing to the fluid character of the inner 
protoplasm which, as soon as the cortex is cut, flows out and disin- 
tegrates; in my experience not more than 20 per cent out of more 
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than 1000 operations on Paramecium caudaium have been success- 
ful, but the percentage is greatly increased by preliminary treatment 
with neutral red. Other forms of dilates on the other hand may 
be cut in any plane, Urmychia iramfuga and Uroleptm mMia 
for example, reacting to such operations with ail the physical prop- 
erties of a piece of cheese. , 

The more fluid Protozoa, when the form is not maintained by 
resistant cortical differentiations react to physical properties of the 
surrounding m^ium. When forces on all sides are equal, as in 



Fig. H.—Eiiglypha cUveolata (^1), and Cochliopodium sp. (J?). (After Calkins.) 


suspended water-dwelling types like Actinophyrs sol, AcHnosphee~ 
rium, many Radiolaria, etc., the form is spherical, or spherical also 
in parasitic forms enclosed in the protoplasm of the host cell as is 
the case with the majority of Coccidia. In all types, under certain 
environmental conditions, or when continuously irritated, there is 
a tendency to become globular and this is the form assumed by the 
great majority of Protozoa when they encyst. The spherical, or 
homaxonic type, furthermore, is characteristic of the most gener- 
alized representatives of all classes of Protozoa. 
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(2) Membranes, Shells and Skeletons as Form-determining Factors. — 

While density or consistency of the protoplasm is thus one of the 
factors determining form in Protozoa, its effect in the majority of 
types is dffset by the presence of definite membranes, shells, tests, 



Fio. 9 . — Allogromia omforme^ foraininifcron with chitinouH monothalamous shell 
and reticulose pseudopodia. (D) a recently captured diatom; iS) chitinous shell. 
(From Calkins after M. Schultze.) 


and skeletons; by specialized protoplasmic differentiations; or by 
foreign bodies. Thus the density of the sluggish PeUmyxa yalustris 
is due to the enormous number of crystals of mud and sand, shells 
of diatoms and peculiar refractile bodies resembling glycogen in 
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make>tip. Membranes of living substance, as in Coehliopodium 
(F^. 8) and the majority of flagellates and ciliates; of lifeless chitin 
as in AUogromia oviforme (Fig. 9) or the lifeless materials secreted 
by the cell and deposited on it, are responsible for the forms assumed 
by many Protozoa. Even delicate types such as Clathrulina elegans 
and the majority of Heliozoa retain their forms by virtue of the pro- 
tecting shells of lifeless materials deposited on a chitinous membrane. 
The protoplasmic bodies of many of the fresh water shelled rhizo- 
pods are relatively dense like that of the naked AmeA)a verrucosa and 



Fio. 10 . — Pseudodijflugia sp. circular mouth opening and mosaic shell (/I). B, division 

stage. (Original.) 


are more or less globular or pyriform in shape. On such a proto- 
plasmic basis the shells of Difflugia species, Evglypha, Cyphoderia, 
Centropyris, Arcetta, etc., are deposit^ and these, once formed, are 
never changed (Fig. 10). Only rarely are these shelled rhizopods 
flattened or discoid as in Hyahdiscus. 

ITie typical form in many shell-bearing or skeleton forming rhizo- 
pods may be due in its last analy.sis to the finer structure of the pro- 
toplasmic body in which the skeleton or shell parts are deposited. 
Dreyer (1892) has given much evidence to show that the form and 
size of the elements making up the skeletal or shell parts depend 
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upon the alvrolar make-up of the protoplasm, the intetalveolar 
deposits of silica, etc., taking the form of spicules as in Heliozoa and 
many Radiolaria, of bars, hexagons, rings, fenestrated capsules, 
etc. (Fij^ 11). 



(3) Mode of Life.^ A third factor determining form is the mode of 
life. As we have seen floating forms are usually homaxonic or 
spherical; freely moving types on the other han<l are usually mon- 
axonic. The type form of a freely moving flagellate or holotrichous 
ciliate is ellipsoidal, the cell being drawn out with its main axis 
extending in the direction of movement. Attached foims are usu- 
ally polyaxonic or radially symmetrical, the variations in form 
depending upon the nature of the attaching portion. Some for 
example are attached by the protoplasm of the posterior end of a 
cylindrical body (e. g,, Cothumia, VaginicoUa, etc.); others by the 
more or less stalk-like attenuated end of the body (e. g., Scyphidia, 
Podophrya, etc.) ; and others by chitinous stalks of variable length 
(Vorkcella species) which may be more or less branched (Dinobryon 
species, Epislylis, Carchesiwm, ZoSthmnnivm, etc.). In the same 
individual the fonn may change with change in mode of life, well 
illustrated by Dimorpha mutana (Fig. 12), by N&gleria gruberi or 
Trimaatigamoeba. 

Methods of food-getting and the nature of the food are also potent 
factors in determining form. Many of the diatom- and desmid-eating 
ciliates, whose food lies on the bottom, are characteristically flat- 
tened forms, with the mouth on the under, or physiological ventral, 
surface (holotrichous ciliates belongmg to the genera ChUodon, 
Ortkodm, Opiathodon, Chkmydodon, Loxophyllum, etc., and the 
majority of the hypotrichous ciliates). Special food-getting, or 
current-directing, organs frequently modify the form as in the 
collared flagellates (Choanoflagellates) and in types like Folliculim 
ampv.Ua, liuraaria truncateUa, cephalont gregarines, Pleuronema, 
etc. Shifting of the position of the mouth in response to different 
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food requirements has undoubtedly been the cause of some form 
changes as Biitschli has shown. Thus the proboscis-bearing species 
and the asymmetrical ChUodon types may owe their characteristic 
forms to such a shifting of the oral region (Fig. 13). * 

The monaxonic types, while typically ellipsoidal in form, are 
usually characterized by a spiral twisting of the cell body, espe- 
cially in the rapidly moving forms. In some cases, notably in the 
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Fig. 12. — Diphasic rhizopods. A, C, hcliozoa-like and flagellated stages of 
Dimorpha mutantt. (After Blochman.) D, E, F, Ndgleria gruberi, amooboid ,and 
flagellated stages; E, origin of blepharoplast {bl) from endosome; r, rhizoplast. 
(After C. W. Wilson.) 


flagellates Pht^s longicauda, Phacus pyrum, Ileteronema sp., etc., 
and in the ciliates Mgyria, Paramecium, Metapus sigmoides, etc., 
the spiral twist is highly characteristic (Fig. 14). 

Bilateral symmetry is of rare occurrence among Protozoa; indeed 
there seems to be only one really significant case, that of Giardia 
(Fig. 15). Here the.two nuclei, the motor complex, and the eight 
flagella are arranged in the neatest bilateral manner. In some 
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colony forms, for example Platydomia caudaia, thirty-two cells are 
aggregated in typical bilateral symmetry (Fig. 3, A). One possible 
mode of^origin of such bilaterally sjTnmetrical types is indicated 
by Uroleptus mobilis (Fig. 16). Here two individuals after conju- 
gation, fused to form a single double individual which persisted 
•through 367 generations (see also Fig. 194, p. 466). 

(4) Mode of Reproduction and Form.— In this connection we have 
only to do with the multinucleated and with the colonial forms of 
Protozoa, for in ordinary division the daughter cells separate com- 
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Fig. 13. — Ditif^ramis illuRiratiiig shifting of the mouth in ciliatcs from terminal to 
lateral or ventral surface C, D), Prorodon gnseuft corresponds with A; 

Ft Amphihptus claparedi, corresponds with li or C; and (V, NghhuIu microatomat corre- 
sponds with D. {E and F, after Butschli; (7, after Calkins.) 


pletely and reproduction has no effect on the form assumed. Thus 
the foraminiferon Allogromia oxifonne j^ives rise hy what is termed 
budding division to a free daughter cell which builds an indepen- 
dent test for itself while the other cell remains in the old test. In 
other forms of Foraminifera, however, the bud or protoplasm does 
not become separated from the parent bulk of the cell but takes a 
position in relation to the other portion which possibly depends upon 
the physical conditions of the protoplasm. New shells are deposited 
about the buds and a double chambered individual results (Fig. 
17). Repetition of the process gives rise to distinct types of 
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polythalamous or many-chambered Foraminifera depending upon 
the position assumed by the bud (Nodosarine, Frondicularian, 
Rotaline types> etc.). 

In colonial types the form of the aggregate is determined by, the 
manner in which the individuals are held together after division. 
The different types are described as spheroid, catenoid, arboroid* 
and gregaloid colonies. In the majority of spheroid colonies, the 
associated cells are held together by a gelatinous matrix secreted 



Fio. 14. — Types of spirally wound Protozoa. At Streblomastix strix, (After Kofoid 
and Swezy.) Lacrymaria sp. (original) ; C, Heteronema sp. (Original.) 


by the individual cells. The typical form of such colonies is spher- 
ical as in the various species of the genera Volvox, Urogkna (Fig. 18), 
Pleodorina and Synura among the flagellates, or Ophrydium veraa- 
tUe among the ciliates. Such spheroidal colonies, however, are not 
necessarily globular but may be flat plates of associated individuals 
as in Gonivm pectorak, or Platydorina caudata (Fig. 3). In catenoid 
colonies the individuals are attached end to end as in some species 
of gregarines, or in the dinoflagellate CeraUum, or side by side as 
in the flagellates Chlorodeamva and Chyiridiaatrum, at in the ciliates 
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Haptophrya gigantea and Polyspira delagei. In arboroid bpionies 
the individuals are attached directly end to end as in Chlorodendron 
svbgabutn or by longer or shorter stalks in a branching, often 
bushdik^ colony [Ilyalobryon doormans (Fig. 19), Dinobryon set- 
tularia (Fig. 126, p. 629), Epiatglis umbeUaria (Fig. 210, p. 502), 



Fio. 15 Fio. 16 

Fio. 15. — A bilaterally symmetrical flagellate, Giardia muris Grassi. AX, axostyle; 
B, blepharoplast; BB, basal body; (7, . centriole; E, endosome; N, nucleus; PL, 
parabasal body; RH, rhizoplast. (After Kofoid and Swezy.) 

Fio. 16. — A bilaterally symmetrical ciliate from Uroleptua mohilis, A double 
individual formed by fusion of two individuals after conjugating. With two mouths 
and adoral zones (a. z.); two sets of cirri (f); and two sets of macronuclei (M) and 
micronuclei (m). For structure of single individual see Frontispiece. (Original.) 

Carcheaium polypinum, Zcothamnium arbuscula, etc.]. In the major- 
ity of these arboroid colonies each individual is borne on its own 
stem which branches from a common stalk. In some cases, how- 
ever, especially amongst the flagellates, each stalk bears a cluster 
of individuals as in Cladommaa fruHculom, AnthopHyaa vegetans or 
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Phalamterium digitatum (Fig. 20). In Rhipidodendron splendidum 
y the gelatinous branches, colored brown or red by oxide of iron, are 
arranged in parallel rows, spreading out fan-like as they increase 
with division of the cells, the aggregate forming an organ-f)ipe-like 
arboroid colony. Gregaloid colonies, finally are fortuitous aggre- 
gates of previously independent individuals found mainly amongst < 
the rhizopods and Ileliozoa, or in parasitic flagellates under adverse 
environmental conditions (Spirochcetes, Trypanosomes). The origin 
of gregaloid colonies is not connected in any way with the manner 
of reproduction. 

(5) Inheritance ~ The combination of all of the above factors 
effective throughout past ages, has resulted in fixed, complex forms 
which, as in Metazoa, are today associated with the germinal 
make-up of the protoplasm or genotype, and transmitted# by 



Fig. 17, — Types of shells of Foraminifera. B, side and ventral aspects of Cornu- 

spira sp. ; C, and Z>, types of Nodosaria, (After Carpenter.) 

inheritance. Fantastic types such as Discomorpha pectinata, 
Entodinium caudaium, or Phryocyatis caudatua are not uncommon. 

In its last analysis form depends upon the chemical and physical 
make-up of the protoplasm and its polarity which .signifies a specific 
protoplasmic organization and interaction of different protoplasmic 
substances. A minute fragment of Uroleptua mobilia is difficult 
to distinguish from a similar fragment of Dileptiia gigaa, yet the 
former develops into a perfect Uroleptua the latter into DUeptua. 
The encysted forms of many types are impossible to identify until 
the cysts are opened and vital processes begin again. These facts 
indicate that the finer or ultimate composition of protoplasm is 
different in different forms and specific for each species, and justify 
the view that there are as many kinds of protoplasm as there are 
species of Protozoa, Metazoa or living things generally. Considera- 
tions of this nature inevitably lead us into the lines of thought 
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followed by Whitman, Gurwitsch, Dobell, and many others and to 
question again the adequacy of the cell theory in its applioition to 
Protozoa. 



Fig. 18.— Types of flagellate colonies. Uroglenopaia americana, a spheroidal 
colony (above) and Codoaiga cymoaa Kent, an arboroid colony (below). (Former 
after Calkins; latter after Kent.) 


B. Protoplasinic Stmcture.— The specificity of protoplasm is not 
at all mdicated by its appearance although obvious differences in 
many cases may be seen even with low powers of the microscope. In 
a living form what we actually see under the microscope in most cases 
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is the etcternal zone of protoplasm which, as the surface of contact 
between the organism and the outer world, has become modified 
in various ways. ' Such outer differentiations are usually transparent 
so that the nature of the internal protoplasm may be madls out in 
more or less detail. This is particularly true of the so-called 
“naked” forms such as Ama^ proteus, etc., in which the surface 
protoplasm is only slightly different from the internal substance and 
is made up of living material. Here the entire organism is living 



Fig. 19.- -Hytdohryon deformans Awerinz. Arboroid colony with external attach- 
ment of individual cups. 


protoplasm which appears as a drop of fluid substance, grayish- 
white in color, viscid in physical character but tenuous and with no 
tendency to mix with the surrounding water. In such living cells, 
internal movement of the protoplasm is manifested by the streaming 
(<^closi3) of distinct granules som6 of which are more refractile than 
otliers, but which are present in all cells, and in\rariably character^ 
istic of the inner plasm. Spherical spaces or vacuoles, are also 
visible in the living forms, sometimes with solid, usually foreign, 
'matter within them (gastric vacuoles, defecatory vacuoles), some- 
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times filled with clear watery fluid (contractile vacuoles) wKich is 
emptied to the outside at regular intervals, or sometimes filled with 
fluids which are not discharged (stationary vacuoles, or cavulse of 
Wetzell).* The same form,- when fixed with a good killing agent, 
and properly stained, gives a permanent picture of the granules, 
•vacuoles, and other cell parts as they were at the instant of fixation. 
The nucleiis now stands out as the most conspicuous part of the 
cell, while the granules are seen to be of different sizes and to react 
differently after treatment with different stains. 



Fio. 20 . — Phalanaterium digitatum St. Individuals (/) in branched gelatinous colony. 

(After Stein.) 

In most cases the finer physical structure of the protoplasm can be 
seen both in the living cell and after fixation. It is best described 
as a foam structure similar to the bubbles of soap suds but with 
“bubbles” or alveoli of microscopic size. Imagining an optical 
section through a soap suds in which granules of finely-powdered 
carmine have been distributed by stirring, the picture presented 
would be a network or meshwork of water, soap, and carmine, and 
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with an accumulation of carmine granules where three planes of 
contiguous bubbles come together, while the spaces within the 
meshes would be filled with air. The apparent network, however, 
is merely the optical section of continuous walls of bubbles enclosed 
on all sides by the water and soap. The physical structure of the 
protoplasm of a few Protozoa, call^ spumoid structure by Rhumblo* 
may be accurately compared with such an emulsion of soap and 
water. An analogous network, usually of exquisite fineness, rep- 
resents the more solid substance of protoplasm; the apparent fibers 
forming the meshwj»rk in some cases at least are the optical sections 
of continuous walls, which, like the soap bubbles, enclose materials 
of lesser density. Biitschli, who with Rhumbler, has studied the 
finer structure of protoplasm of lower plants and animals as well 
as that of higher forms, was the first to compare such structures 
with the alveolar structure of emulsions like soap and water, oils 
and water, etc. The granules of protoplasm, corresponding in 
position with the carmine of the soap suds, lie in the substance of 
the denser network of interalveolar material to which Doflein 
applies the term stereoplasm. The alveolar substance, called rheo- 
plasm by Doflein, corresponds in position with the air of the soap 
bubbles. 

All who have investigated protoplasm agree that it is not a homo- 
geneous substance but a mixture of colloidal substances in the 
physical .state described by 0.stwald as an emulsoid in which the 
interalveolar materials act in the manner of a dispersing agent while 
the more fluid intra-alveolar substances are dispersed, but all are 
subject to reversal of phase. 

While the alveolar structure of protoplasm is convincingly demon- 
strated by a numW of tjT)ical forms of living Protozoa, this struc- 
ture is difficult to make out in other types. Thus in the endoplasm 
of flagellates like Chilomortm, or the endoplasm of Actinophrys sol, 
or AdinosphoBnuvi eichhomii, the alveoli are easily discernible, 
but in Paramecium cavdatum, in many gregarines, and in many 
types of flagellates and ciliates, the alveoli, if pre.sent, are too fine 
to be seen with the usual powers of the mieroscope. Vonwiller 
(1918) can find no evidence for upholding the alveolar theory of 
protoplasmic structure in general. 

Certainly in many cases the protoplasm appears to be almost 
homogeneous in structure, the granules alone being evidence of 
structural configuration. Such forms are Illustrations of the gran- 
ula theory of Altmann, who held that protoplasm is made up of a 
congeries of such granules or microsomes each of which is termed a 
bioblast, each bioblast being regarded as a single unit performing 
all of the functions of living matter including growth and reproduc- 
tion. Here, however, theoretical considerations have been super- 
imposed on the obvious structures and the physical appearances 
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become clouded in a mist of speculation. Other theories, such as 
the reticular and fibrillar theories, associated with the names of 
Heitzmapn, Schafer, Flemming, etc., are based upon the actual 
pictures of different types of protoplasm. 

The larger vacuoles in different types of Protozoa to which the 
names cavulee and contractile vacuoles are given, are interpreted 
according to the alveolar theory as due to the flowing together and 
fusion of adjacent alveoli. This is certainly the case in the forma- 
tion of a contractile vacuole of Amceha proteus where the beginnings 
of a vacuole may be watched under the microscope and the coales- 
cence of minute vesicles noted. In a similar way the relatively 
hugh cavulee or pseudo-alveolse characteristic of AcUnoaphcBriwn 
eiehhomu and of Kadiolaria may be accounted for. 

Physically, protoplasm is. to be compared with an emulsion of 
colloidal substances which, as Lord Kayleigh and others have 
pointed out, can as a polyphasic system, retain the emulsoid condi- 
tion only as long as the limiting membranes between dispersed and 
dispersing media are intact. In the activities of a living, moving 
cell, there must be a continual disturbance of this physical equi- 
libriiun and a constantly changing configuration of the protoplasm 
due to the manifold chemical actions which are characteristic of 
living matter. 

Chemically, protoplasm is not a substance but a harmoniously 
working aggregate of different interacting substances which have 
been identified in general as nucleins, nucleo-albumins, nucleo-pro- 
teins, carbohydrates, fats, salts, and the almost endless variety of 
derivatives from these and from their combinations. With the 
exception of the Mycetozoa which have been used extensively for the 
purpose of protoplasmic analy.sis, protozoan protoplasm owing to the 
minute size of the individuals, has been very little studied in connec- 
tion with the erhemistry of protoplasm, and our present knowledge 
concerning it b based mainly on morphological considerations 
together with the results of chemical analysis of protoplasm in higher 
types of animals and plants. 

The granules which invariably appear in protoplasm, and which 
are probably intimately connected with the varied activities going 
on during life are different in their chemical make-up although, 
morphologically, they appear much the same. This is shown by 
their reactions to micro-chemical tests of different kinds and it is 
not unreasonable to infer that the specificity of protoplasm in dif- 
ferent species of Protozoa is due in large part to the chemical and 
physical composition of these granules and interactions going on 
amongst them. 

As Mathews points out, the essential differences in chemical 
actions in protoplasm and in physical nature are: (1) The o^er- 
liness with which they are carried on; (2) the speed of the reactions. 
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A starving Dilephts anser will slowly decrease in size although its 
fonn remains about the same. This is due to disintegration through 
continued oxidation and other catalytic processes which lead to the 
exhaustion of protoplasmic constituents unless new food !s added. 
If the process is continued the organism will ultimately die in from 
one to three weeks. If a Dihptus is accidentally crushed its proto- 
plasm will completely disintegrate within a few seconds. The 
process of disintegration in the first case is orderly, in the latter 
completely disorganized. 'Other nohnal vital activities are equally 
orderly; the orderliness dependent possibly on the regulation of 
permeability by the colloidal membranes, the alveolar membranes, 
nuclear membrane and investing membrane of the cell; and regula- 
tion of permeability in turn is dependent upon the chemical make-up 
of the constituent parts, and the salts or electrolytes and the con- 
tinued activity between them (Cf. Clowes, Overton, Mathews). 

The speed of specific chemical actions is a characteristic vital 
phenomenon due to the participation of subtle and elusive, but 
specific, catalytic agents, the enzymes. 

This aggregate of colloidal substances forming polyphasic physical 
systems in protoplasm is the seat of the multitude of activities 
characteristic of life. Huxley’s definition of protoplasm as the 
physical Basis of Life does not carry us very far in the analysis of 
living matter. Indeed it may well be that the physical basb of 
protoplasn^is itself life (see Chapter IV) and that protoplasm in the 
words of du Bois Reymond, is the agent of vital manifestations. 
In a moving protozoon there is a constant interaction of the various 
substances making up its protoplasm— oxidation, enzyme formation 
and action, amidization and deamidization, disintegration and 
regeneration, protein break-down and protein reconstruction, all 
taking place simultaneously or seriatim. Substances in thb whirl- 
pool of action may be regarded as living so long as they are, or may 
be, drawn into the vortex of protoplasmic activities. The results 
of these multitudinous activities contribute to the well-being of 
one organism. In another moving protozoon a similar bewildering 
complex of activities likewise results in the well-being, in this case 
of a distinctly different type of protozoon. The first protozoon, 
let it be a Didinium nasutum, captures and swallows the second, 
say a Paramecium caudatum. It is well known that a fragment of 
a protozoon will regenerate into a perfect organism of its type 
and we might well be perplexed by the problem why is it that the 
Paramecium protoplasm in Didinium does not manifest itself as 
Paramecium and not as Didinium. The answer to this apparently 
simple problem is possibly a matter of organization or the manner, 
in which the fundamental substances making up the protoplasm in 
the two organisms ^ put together and interact. The architeck- 
tonic of Driesch, or protoplasmic architecture is specific for each 
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type of organism and the form and structures of the organism are 
expressions of this architecture which is as perfect in a spherical 
fragment of a Stentor or of a DUepiua as it is in the fully developed 
Stentor ot Diieptua. When this organization disintegrates, life and 
the possibility of controUed reactions are lost and the erstwhile 
living protoplasm becomes dead matter. This happens when 
Paramecium is paralyzed by the seizing organ of DUinium (see 
Fig. 89, p. 180). The vital activities of Paramecium are suddenly 
stopped, and disintegration of the protoplasmic organization of 
Paramecium continues with the process of digestion in Didinium. 
Then the inert proteins, probably as amino-aciCds, are reintegrated 
in the; Didinium protoplasm and what was living substance in Par- 
amecium. now enters again, through a form of transmigration, into 
thewortex of vital activities of quite another type of organism. 

G>nsideration of these and of similar activities in living proto- 
plasm lead to questions regarding the nature of life and the nature of 
vitality. Should we use the two terms life and vitality as synonyms ? 
It seems that there is something to be gained by distinguishing 
between them. We are very apt to speak of life as activity, or to 
say that life is a series of reactions, integrations and disintegrations. 
These may be manifestations of life but they are incomplete mani- 
festations and do not tell the whole story. An encysted protozoon, 
a spore, a seed, a resting egg, or a dried rotifer, show no evidence of 
activity, yet each has life and in a proper environment v^ould mani- 
fest activity. An emulsion of oil, salts and water, manifests activ- 
ity strikingly similar to the movements of an Amoeba yet such an 
emulsion has no life. The encysted protozoon or the dried rotifer 
has protoplasmic organization which the oil emulsion has not, and 
with absorption of oxygen and water becomes animated. Life 
thus is incontestably bound up with organization of protoplasm; 
perhaps life is best described as organization, thus giving it a static 
rather than a dynamic significance. Whatever name we give it, 
however, brings us no nearer to a conception of what it actually is, 
for life cannot be measured and endures until its organization is 
disintegrated. With vitality the case is different; here we have to 
do with protoplasm in motion and the activities can be measured 
from beginning to end of a life cycle. While life has evidently been 
continuous from the first protoplasmic organization, vitality has 
been intermittent or discontinuous. Life may exist without vitality 
and has always the potential possibility of vitality, but vitality is 
impossible without organization, i. e., without life. I would define 
vitality, therefore, not as the same thing as life, but as the sum total 
of actions, reactions and interactions between and amongst the 
substances making up the organization of protoplasm and between 
these and the environment. It is in this sense that the term vitality 
will be used in the following pages (see Chapter X). 
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In a moving protozoon substances of different kinds are constantly 
involved and take part in the vortex of reactions. Many of these 
become centers of special activity in the single-celled organism the 
protoplasm of which is specialized or differentiated to thfs extent. 
Such centers, usually indicated by structural characteristics, by func- 
tional activity, or by susceptibility to certain dyes are plasiida of 
the cell. Other substances in protoplasm by virtue of the reactions 
which they have undergone in the maelstrom of vitality become 
stabile, and no longer take an active part in the chemical and phy- 
sical activities going on about them. Having gone beyond the 
plastic or labile stare in metabolism, but carried along in the Imng 
protoplasm, they may serve a useful function in protection, support, 
offense, or defense of the organism. Such substances are called 
metaplasHds. • 

C. Plastids of the Protozoa.— Centers of special activity, or 
plastids, are numerous and varied in Protozoa. Some, like chroma- 
tin, are present in all unicellular animals; others, like kinetic ele- 
ments, are most conspicuous in actively moving forms. Some types 
like chromoplastids, pyrenoids and stigmata are associated with 
chlorophyll and autotrophic nutrition. Others like chromidia, 
volutin, and chondriosomes have obscure functions in the cell and 
are not yet fully proved to belong in the category of plastids. 

1. Chromatin.— Chromatin is more a conception than a specific 
thing, the ^erm being used to designate substances which appear 
under different forms at different phases of cell life. It appears 
normally in the form of minute granules or chromomeres (chromi- 
diosomes of Minchin) in the resting nucleus, but during division of 
the nucleus these granules are massed together to form character- 
istic solid and individualized structures, the chromosomes. On 
a priori grounds chromosomes were early regarded as intimately 
associated with the phenomena of inheritance (Roux, Weismann, 
Boveri) and the more recent experimental work in genetics has 
given substantial evidence of the soundness of this early conclusion. 

Our conception of chromatin is based largely upon investigations 
upon the nuclear substances of Metazoa and the higher plants. In 
ordinary descriptions, however, the term is often used in a vague 
sense to include any substance or body which stains with the so- 
called nuclear stains, i. e., the basic anilin dyes, while direct chem- 
ical tests to determine the exact chemical composition of chromatin 
have been made in very few cases. The best of these show it to 
be composed of nuclein, one of the most complex of protein sub- 
stances and rich in phosphorus.* 

Vague as is the conception of chromatin in Metazoa it is even more 
so in connection with the Protozoa, where little has been done in 


* For a critical discussion of chromatin, see Wilson, 1925. 
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a concrete way to throw light on the subject, although much has 
been written about it. 

Many of the granules found in the cell body of a protozoon as well 
as those Within the nucleus, stain with the usual nuclear dyes and 
their identification as chromatin is a matter requiring knowledge 
of their history and fate in the cell. It is only within recent years 
that an effort has been made to discriminate between the various 
granules in the Protozoa which stain intensely with the basic stains, 
and to distinguish the chromatin granules which enter into the make- 
up of chromosomes from other chromatoid granules which are 
distributed throughout the cell particularly th^chromidia and the 
volutin grains. This is the more difficult in Protozoa because 
chromatin granules are not necessarily confined to the nucleus. 
Eveik in Metazoa and plants there are times during division when 
^ the chromatin is not confined within a nuclear membrane. In 
the Protozoa such a condition is permanent in many cases {e, g., 
in Spirochetes, some flagellates, Dikptvs amer, Ilohsticha, etc.). 
In other cases the nuclear chromatin, by transfusion or by nuclear 
fragmentation, spreads more or less widely throughout the cell 
protoplasm (rhizopods, ActinosphcBriiwi eichhorniif etc.). Here in 
different species, the fate of the distributed chromatin varies. 
In some cases this diffusion of chromatin indicates a degenerative 
change, the chromatin ultimately losing its characteristic reactions. 
Thus in Actinosphoerinm eichhornii, Hertwig has shown that, under 
adverse conditions such as starvation, or overfeeding,* or during 
periods of depression, such distribution of the nuclear chromatin 
occurs, the granules ultimately becoming transformed into a 
characteristic pigment of the cell. In other cases the distributed 
granules retain their chromatin nature and according to numerous 
observers are ultimately aggregated into minute secondary nuclei 
which become the nuclei of conjugating gametes (many types of 
Rhizopoda and Foraminifera). In these instances, other chromatin 
which is retained in the ^'primary nucleus'’ takes no part in the 
germinal activities but degenerates and disappears after the gametes 
are liberated. It must not be inferred that germinal chromatin is 
thus distributed in the cytoplasm in all cases; on the a^ntrary in 
the majority of Protozoa the gamete nuclei are derived by division 
of the morphological nucleus with its contained chromatin, and 
some authorities, notably Kofoid (1921) deny in toto the origin of 
gamete nuclei from chrornidia. 

While chromatin thus has a definite germinal function there is 
equally little doubt of its important participation in the ordinary 
metabolic activities of the cell. Thus, if an Amatha protevs or the 
ciliate Uronychia transfuga (see Fig. 10<S, p. 226), be cut into two 
portions one of which contains the nucleus while the other is enu- 
cleate, the former portion only will digest and assimilate food, grow 
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and regenerate the lost part, while the enucleate portion will con- 
tinue to move and manifest variotis activities characteristic of 
destructive metabolism, but it will not take in food, nor digest what 
food may have been taken in before cutting and in the*course of 
a week or ten days it dies (Hofer, Verwom, Balbiani and many 
others). 

It is evident therefore that chromatin is directly associated with 
all of the important vital activities including reproduction, and the 
view has been repeatedly advanced that, for these varied activities 
at least, two different kinds of chromatin are responsible. One 
kind, the so-called Vegetative or trophochromatin, is active in the 
ordinary metabolic functions of the cell, while the other, the ger- 
minal or idiochromatin, has to do solely with perpetuation of the 
race. While this view of the dual nature of chromatin would «seem 
to be sustained by the phenomena in rhizopods and by the dimorphic 
nuclei in the ciliates, it is by no means assured that this duality 
represents a fundamental difference in chromatins. On the con 
trary it is much more probable, as Hertwig has maintained, that 
there is only one chromatin and that its functional activity depends 
upon different factors and conditions which may arise during the 
life cycle; germinal chromatin in one cell-generation may become 
vegetative chromatin in the next and vice versa. This is particularly 
clear in the case of the ciliates where the macronucleus, a distinctly 
vegetative nucleus, and the reproductive micronucleus, arise as 
subdivisions of a fertilization nucleus after conjugation or its equiva- 
lent parthenogenesis. 

The importance of chromatin for life of the cell is indirectly indi- 
cated by the extreme precision with which it is distributed to 
daughter cells at the time of divbion. Like other granules of the 
cell each chromomere grows and reproduces its exact duplicate by 
division. Chemically it probably represents the pinnacle of complex 
structures formed as a result of the activities of constructive meta- 
bolism while its derivatives, likewise granular in form and difficult 
to distinguish as such, formed by reductions, deamidizations and 
other chemical processes, give rise to many more or less permanent 
or temporary structures in the cell body, each of which may per- 
form some cellular activity in its passage through the various stages 
of disintegration. 

2. Chromidiaiirr-As stated above, chromidia are only chromatin 
granules distributed in the cytoplasm, and the main significance 
in the term as we use it today is" to indicate the extra-nuclear posi- 
tion of chromomeres. They have come to be regarded as character- 
istic structures of the protozoon cell, however, and students of the 
Protozoa speak of diromidia with the same familiar ease that they 
do of the nucleus. In some types a definite nucleus is entirely 
absent and such forms provide the only justification for Haeckel’s 



INTRODUCTION 


49 


hypothetical group of Monera. In the majority of Bacteria and 
spirochetes and in more complex ciliate types like Dileptus anser, 
Holosticha, etc., the functions which the cell nucleus are supposed 
to perform are either absent altogether, or, which is more probable, 
they are performed by the distributed chromidiosomes or chromidia. 

3. Volutin Orataut.— These are widely distributed in Protozoa and 
are difficult to distinguish from chromidiosomes. They are usually 
spherical in form and stain intensely with the basic dyes, retaining 
the stain even after the chromatin granules are completely extracted. 
They were discovered by a pupil of A. Meyer in the cells of Spir- 
iUum tolutans from which the peculiar name is derived, and, accord- 
ing to Guilliermond, they are identical with the “metachromatic 
bodies” of Babes, and with the “red granules” discovered by 
Bii^hli. Meyer regarded them as composed largely of nucleic acid, 
a conclusion supported by the experiments of Heichenow (1909) on 
Hematococcus in which it was shown that volutin grains disappear 
in a medium free from phosphorus and that, during the phases of 
active chromatic increase in the nucleus, they diminish perceptibly 
in size and increase in size when the chromatin content becomes 
stationary. From these results, confirmed by van Ilerwerden 
(1917) on yeast cells, Reichenow concluded that volutin grains play 
a most important part in the vital activities «)f the cell and he 
regards them as a reserve store of nucleo-proteins for the purpose 
of cliromatin growth in the nucleus. They take a yellow stain with 
iodine and a red stain with methylene blue and 1 per (%nt solution 
of sulphuric acid, while their reaction to the usual chromatin stains 
makes them difficult to distinguish from chromidia. They appear 
to be formed in the cytoplasm and, if these observations are well 
founded, are entirely different in origin and in function from the 
other minute granules which they closely resemble. The import- 
ance of these conclusions in problems connected with biology of 
the cell warrants the demand for further and more complete obser- 
vations and experiments. 

4. Chondrio&omes (MifocAcmdria).— Chondriosomes appear to be 
permanent granules in the cytoplasm of many types of Protozoa in 
which they have been studied mainly by Faiu*6-Fremiet, Vonwiller 
(1918), and Cowdry (1918). Like other granules in the cyto- 
plasm they are usually spherical and very minute (0.5 to 1.5 m in 
diameter), but unlike many other granules each appears to retain 
its individuality from generation to generation by dividing prior 
to or during division of the cell. 

Observations of the chondrio.somes of Protozoa are too scanty to' 
permit of definite conclusions regarding their history or function 
in the cell and their chemical composition is quite unknown. Faur5- 
Fremiet regards them as combinations of albumin with phosphates 
or with fatty acids, and believes that they play a part in con- 
4 
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nection with the preparations for sexual activities of the organism, 
a very general conclusion which, so far as it goes, appears to be 
justified by the rapidly accumulating facts concerning chondrio- 
somes in the sex cells of Metazoa. * 

5. Cairomoplastids and PTrenoids.— Other permanent cytoplasmic 
structures of the Protozoa are the color-bearing bodies termed chro- 
moplastids, chloroplastids or chromatophores, and the pyrenoids, 
both of which are characteristic of the autoteophic forms, whose 
nutrition is dependent upon photosynthesis (see Chapter IV). 
They are found mainly in the group of flagellates although an occa- 
sional form in othei*groups of Protozoa may contain them (e. g., 
PaidineUa chromatophora, Chkmydomyxa montana, amongst rhizo- 
pods). Pyrenoids usually accompany and are embedded in the 
chromoplasts. « 

Chromatophores vary greatly in form and size; spherical, discoidal, 
band-form, ring-form, spindle-form and irregular types are known, 
while the number in a single organism may vary from 1 to 100 or 
more. They invariably increase by division and are to be regarded 
as permanent organoids of the cell. Division, however, may in 
some cases at least be quite independent of the division of nucleus 
or cell body. The pyrenoids are usually spherical and are char- 
acteristically refractile structures either single in the cell or as 
numerous as the chromoplastids. Like the latter they also may 
reproduce bv division. 

The ability to create different colored substances included gen- 
erally under the heading chromophyll is the chief characteristics of 
chromoplastids. The colors vary from the typical plant green chlo- 
rophyll, of various shades of green (Phytomonadidse, Chloromasti- 
gidee), through brown and yellow colors (Chrysomonadidaj), blue- 
green {PaulineUa chromatophora), and red (hematochrome). In the 
majority of forms the coloring matter appears to be identical with 
the chlorophyll of higher plants; the yellow colors, especially that 
of the Dinofiagellata, resembles the coloring matter (diatomin) 
of the diatoms, while the red color, hematochrome, is a modification 
brought about apparently by the diminution of nitrogen and phos- 
phorus in the surrounding medium (see Ileichenow, 1909). 

Chromatophores are not to be confused with the symbiotic algae 
which live normally in the protoplasm of many kinds of Protozoa 
(«• 9-> “y®Uow cells” of Sadiolaria, Zoochlorellae of Paramecium, 
imrsaria, etc.). In all cases the green chlorophyll is readily trans- 
formed, as in higher plants, into yellow xanthophyll, and the red 
hematochrome into green chlorophyll by treatment with dilute 
alcohol. 

D. Metaplastids - of the Protozoa.— In the protoplasm of all 
Protozoa, in addition to the permanent granules of one kind or 
another described above, there are many types of transitory or 
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fixed products of cell activity collectively known as metaplasmic 
granules or metaplastids. All of these are formed during the vital 
activities of metabolism some of them as reserve stores of food 
substance formed as products of the building up or anabolic processes 
of metabolism, others by the destructive or catabolic processes. In 
the former group are included many kinds of carbohydrates such as 
amylum (starch) ; paramylum (similar in composition to starch but 
fails to give the characteristic blue reaction with iodine), karotin, 
leucosin and cellulose, all of which are characteristic of chlorophyll- 
bearing Protozoa although not confined cxclu^vcly to them; other 
products of constructive metabolism which are more widely dis- 
tributed, are fats, glycogen, paraglycogen, oils, albumin spheres, 
etc. In the latter group, as products of destructive metabolism, 
are*included a great variety of crystals, pigment granules, chitin 
and pseudo-chitin, and other more or less widely distributed pro- 
ducts. These products of destructive metabolic activities are 
frequently so abundant as to give the protoplasm a densely granular 
appearance. 

The form and appearance of these various products of proto- 
plasmic activities vary within wide limits and will be discussed more 
fully in connection with the different classes of Protozoa. Many 
of them serve a useful purpose as reserves in nutrition and other 
physiological processes, while a number of them are used for pur- 
poses of support, protection, or shell and skeleton buiVling. Car- 
bohydrate compounds, rarely in the form of starch, but abundantly 
in the form of paramylum, are mainly confined to the chlorophyll- 
bearing Protozoa where, in forms like Euglena they are the first 
recognizable products of assimilation. After their formation they 
may remain as a reserve store of nutriment. True starch occurs 
in the Cryptomonadidae, Phytomonadidse, and in the Dinoflagel- 
lata, while paramylum may occur, not only in the chlorophyll-bear- 
ing types, but in many colorless forms as well (c. g. Chihvumas 
paramedum, Astasia, Peranema, etc.). Glycogen-like bodies are 
found in a few types of flagellates; true glycogen occurring in the 
protoplasm of Pelomyxa palustris according to Stol? (1900), and in 
the ciliates Paramecium, Opalina, Glaucoma and VorticeUa accortl- 
ing to Barfurth. Paraglycogen, also called zooamylum, which 
differs from glycogen in its solubility and in its color reactions 
when subjected to sulphuric acid and iodine, is present in many 
ciliates and flagellates as well as in some gregarines. Leucosin is 
a. carbohydrate in the form of highly refractile globules or balls 
particularly characteristic of the Chrysoflagellidse and some of the 
simpler Monadidse. 

Oils and fats are widely dbtributed. Great oil globules are par- 
ticularly characteristics of the Hadiolaria where, in addition to 
serving a useful purpose as reserves of nutriment, they also serve 
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a hydrostatic function in the activities of different organisms. 
Globules of smaller size but conspicuous by their frequently brilliant 
coloring are found in many types of flagellates and ciliates. In some 
cases, notably in NoctUuca mUiaris and in several Dinoflagellates, 
these metaplasmic oils are photogenic and, in contact with oxygen, 
produce phosphorescence often of great brilliancy (de Quatrefages, 
1850, E. B. Harvey, 1917). Similar globules of oil stored up in 
flagellated Protozoa, minute as they are in the individual, may 
become a great nuisance collectively. Potable waters, for example, 
are frequently rend^ed unpalatable because of the odors and tastes 
due to these products of metabolic activity. Such objectionable 
odors and tastes are rarely due to the putrefaction of the org anis ms, 
but rather to the liberation of minute drops of oil upon disintegra- 
tion of the cell bodies. As crushing a geranium leaf causes mifiute 
drops of oil to be thrown in the air, giving the fragrant perfume of 
that plant, so disintegration of ceils of Uroglenopsis americana, 
crushed by the pressure in pumps and mains, causes the liberation 
of minute oil drops stored in the protoplasm, but the cod-liver oil 
smell which they impart to the water is far from fragrant. So 
characteristic are these metaplasmic products of the organisms 
which produce them that many kinds of flagellates which accumu- 
late in drinking waters may be recognized simply by the odors 
which they impart (Calkins, 1891). 

Cellulosetand pseudo-chitin are products of cellular activity which 
are useful in the formation of membranes, shells and tests. Cellu- 
lose, as in higher plant cells, forms the lifeless membrane of many 
chlorophyll-bearing types, while protein derivatives in the form 
of chitin and pseudo-chitin are more widely distributed through the 
entire group of Protozoa, forming the substratum upon which, or 
between layers of which, shell materials are deposited, while cups, 
tests or “houses,” cyst membranes, stalks etc., are formed directly 
from its substance. Shell and skeleton materials such as calcium 
carbonate, silica, strontium sulphate, etc., are likewise formed as 
results of metabolic activity, sometimes continuously, as in the lime- 
stone shells of the Foraminifera, and sometimes periodically at 
intervals of saturation (dictyotic or lorication moment) as in the 
formation of the characteristic silicious skeletons of the Radiolaria. 

Pigments of various hues are also frequently found in Protozoa. 
In some cases, as in AcHnoaphcerium etchhomii, they are formed as 
a final product of degeneratioii of chromatin granules (chromidia) ; 
in other cases they are products of metabolic activities following 
the digestion of specific kinds of food, as melanin pigment, brown or 
black in color, which follows the digestion of haemoglobin by malaria- 
causing hemospoHdia {Phsviodvum species). Specific coloring 
matters are found here and there, especially amongst the ciliates 
which have nothing to do with chlorophyll and which are named 
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according to the organism in which they are found. Thus the blue 
coloring matter sometimes called stentorin, is characteristic of 
Stentor cceruleua and some species of FoUicvlina; a red pigment of 
Meaodiniwn rubrum; violet of Blepharisma undulans, etc.; the colors 



Fio. 21 . — Paramecium caudatum. Section of a dividing individual; c, 8t,t con- 
necting strand of dividing micronuclei; e. tr., extruded trichocysts; gastric 

vacuole; dividing macronuclous; m, m, divided micronuclei; tr,t trichocysts. 
(Original..) 
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being due, probably, to the kind of food that is eaten, since the 
pigmentation of the same species is not constant, some forms in the 
same culture of Blepharisma undulans, for example, may be colorless 
while others are more or less bright pink, or violet, or even purple 
in color. In many cases the pigment is accumulated in masses of 
varying size representing excretory matters of one kind or other. 
Thus we find the black pigment granules of Metopms aigmoides and 
TiUina magna, or the brown pigmental masses (phseodium), char- 
acteristic of the tripylarian Radiolaria. 

Other metaplastids that are useful for purposes of protection or 
support, are the p^liar trichocysts and trichites found in the 
ciliates and about which there is very little definite information 
(Fig. 21). They are usually embedded in the cortex when fully 
formed but the trichocysts at least appear to be formed incthe 
vicinity of the nucleus as Mitrophanow has shown for Paramecium, 
and as I have also observed (unpublished) in the case of Actinobolua 
radiana. The trichocysts at rest are capsules filled with a densely 
staining (with iron hematoxylin) substance which is thrown out in 
the form of long threads when the organisms are violently irritated 
as with poisons of one kind or another. The trichites are stiff, 
usually rod-like supporting structures and are rarely discharged 
(for discussion of the distribution and functions of these structures 
see Chapter III). 

All of the* structures described above, together with the defecatory 
materials such as sand grains, shells and tests of other organisms 
taken in as food, etc., which never form a part of the living sub- 
stance, make up, together with nuclei and kinetic elements which 
will be considered in the following Chapter, the granular aggre- 
gate of colloidal substances which we see in living protozoon pro- 
toplasm. Their chemical and physical reactions and interactions, 
in abeyance during encystment, combine to furnish the manifold 
physiological activities of the organism and to distinguish living 
things from lifeless matter. Their possibility of living activity 
ends only with death of the organism, and death, one of the most 
remarkable phenomena of life, is the disintegration of the proto- 
plasmic organization which forms the physical basis of vitality. 
Accepting the view that spontaneous generation of living things 
under present conditions is highly improbable and for which there 
is no acceptable evidence, it follows that the protoplasm of all things 
living today has been continuously living since life appeared on the 
earth. How it was originally formed and under what conditions, 
are matters of speculation with which we are not concerned here. 

Protozoa, finally^ should be regarded as single-celled organisms 
notwithstanding the views of Whitman et cd. concerning the inade- 
quacy of the cell theory as interpreted by Whitman, Gurwitsch, or 
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Hartmann. There is not much to be gained by the substitution of 
the “energid” theory of Sachs, Strasburger, and Hartmann. If 
necessary the conception of the cell should be expanded to permit 
of the inclusion of all Protozoa with their varied intracellular differ- 
entiations and with their invariable performance of all of the fun- 
damental vital activities included in the physiological attributes of 
higher animals and plants. p]ach of them is a perfect organism and 
some of them, in a morphological sense, represent most extreme 
types of intracellular differentiation, although not in the sen.se of 
cell specialization and functional limitation. ^ 
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CHAPTER II. 


• NUCLEI AND KINETIC ELEMENTS. 

In the preceding chapter plastids in protoplasm were interpreted 
as substances of more or less homogeneous nature which act as 
centers of specific activities or activity. Kinetic elements of the 
cell might well be included in this category of plastids since they 
are apparently composed of homogeneous substance and have 
specific activities in connection with the visible expressions of«i;he 
transformation of energy through destructive metabolism. Nuclei, 
on the other hand, are not homogeneous substances, but are aggre- 
gates of substances of different kinds and amongst these substances 
are some which are unmistakably kinetic in fimction. These 
aggregates of substances are the centers of a great variety of activi- 
ties in the cell, the importance of which is evident by the simple 
experiment of cutting a cell so that one fragment contains the 
nucleus, while the other fragment has none. The enucleated frag- 
ment is unable to digest and assimilate food or to grow; nor is it 
able to reproduce, nor to regenerate lost parts except under certain 
circumstances (see p. 485). Nucleated fragments on the other hand 
are able to do all of these and continue to live as normal organisms. 

Chomatin and kinetic elements are closely associated in protozoan 
nuclei and no adequate discussion of either is possible without a 
discussion of both. Here the nucleus is not only the site of chro- 
matin aggregates but there is abundant evidence^ and further evi- 
dence is constantly accruing, to support the view that the nucleus 
is the original seat of kinetic elements as well. The well-known 
views of Schaudinn (1904), the oft-repeated statements of Hartmann 
and of Kofoid, and the conclusions of Jollos (1917), of Belar (1920) 
and others, all agree in regarding the nucleus of a protozoon as a 
combination of kinetic and idiogenerative elements. 

I. THE NUCLEI OF FBOTOZOA. 

The term “nucleus” is ordinarily applied in a morphological rather 
than a physiological sense. If the activities of the component parts 
of the nucleus are absolutely necessary for the maintenance of life 
of the cell, then, in some cases such as Holosticha, Trachelocerca, 
or Dilephis anser, such activities must be performed by substances 
which appear to be identical with chromatin but which are dis- 
tril^uted throughout the cell. On the other hand, it is highly prob- 
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able that some functions are possible by virtue of the physical prop- 
erties of a definite, but permeable, nuclear membrane, and as in the 
tissue cells of Metazoa, it is this type of membrane-bound nucleus 
that we find in the vast majority of Protozoa. 

In their resting stages the nuclei of Protozoa present a bewildering 
variety of forms and structures, differing in this respect from the 



Fig. 22. — Types of vesicular and massive nuclei. A, vesicular type of Pelomyxa 
htnudeata; B, of PolyatomeUa criapa; both with multiple endosomes; C, nucleus of 
Actinoapharium eichhornii with granular plastin (p); D, E, F, macro- and micro- 
nuclei of Paramecium caudaium, the latter in different stages of vegetative mitosis. 
(A, B, after Doflein; C, after Hertwig; D, E and F., original.) 


much less variable tissue nuclei of the Metazoa. Because of these 
manifold differences students of the Protozoa have experienced great 
difficulty in grouping nuclei for purposes of description. They 
agree, however, in recognizing two primary nuclear types, the 
vesicular and the missive. Nuclei of the massive type more clearly 
resemble the nuclei of spermatozoa being filled with small chromatin 
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granules, but they rarely present the homogeneous appearance of a 
spermatozoon nucleus, the individual granules, although closely 
packed, being recognizable (Fig. 22). 

Certain constantly recurring substances are characteristic of 
protozoan as of metazoan nuclei, but some types of arrangement and 
combination of these substances are typical of Protozoa and are 
rarely found in Metazoa. The most universal of these nuclear con- 
stituents are (1) chromatin, which is sometimes called nuclein or 
identified as such; (2) linin, also called achromatin, nuclear retic- 
ulum, achromatinic framework, etc., which is continuous with the 
alveolar network o^ the cytoplasm; (3) nuclear membrane which is 
composed of linin, and forms a permeable partition or wall between 
cytoplasm and nucleoplasm; (4) nuclear sap or nuclear cnchylema 
filling the spaces of the linin reticulum; this seems to be identical 
with the intra-alveolar substance of the cytoplasm; (5) plastin, often 
so-called without being specifically identified as such; also termed 
paranuclein, or pyrenin. Plastin in combination with chromatin 
forms an intranuclear body, usually called the “karyosoipe,” while 
by itself plastin forms true nucleoli which are comparatively rare 
in Protozoa. In addition to these a sixth constituent, kinetic 
elements are characteristic of protozoan nuclei, and these in the 
present work will be called emlobctsal bodies. 

It must be frankly admitted that very little is known in regard 
to the chemical nature of these various constituents of the nuclei 
in Protozoa and much confusion exists in the literature owing to 
the promiscuous use of these terms in relation to structural elements 
of the nucleus without knowledge of the actual chemical make-up. 

(a) Chromatin.— Few investigations of a purely chemical nature 
have been made on chromatin of Protozoa. The usual procedure 
is to designate as chromatin all structures of the nucleus or cyto- 
plasm which stain with the so-called nuclear dyes, or to interpret 
chromatin mainly on' a morphological basis. Microchemical tests 
of all protoplasmic substances are made primarily on the basis of 
solubility or insolubility with acids, alkalies, salts, etc., and the 
microscopical picture presented after such treatment leads to the 
conclusion that certain structures are made up of certain substances. 
Such tests do not prove that a given structure is composed of a 
definite substance and is not a mixture of substances, but they are 
useful in the main to indicate that different structures are essentially 
different in chemical make-up even though the exact chemical com- 
position remains a secret. Kbssel, Miescher and others have shown 
that the chromatin bodies composed of the chemical substance 
nuclein are not dissolved under the action of artificial gastric juice 
(pepsin and tryj^in in appropriate acid and alkaline media) while 
other portions of the nucleus such as nucleoli, reticulum and plastin 
are entirely dissolved. On the other hand chromatin bodies are 
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dissolved in strong acids, dilute alkalies, calcium carbonate and 
sodium phosphate some of which have no apparent effect on nucleoli 
which remain imdissolved in potassium hydrate or in a 1 to 3 per 
cent acetic acid (Doflein). 

That there is a great difference, however, in the ultimate chemical 
composition of the nuclear structures which we call chromatin is 
apparent, as Minchin clearly points out, from the diversity of forms 
of life, although the chromatin contained in them appears to be the 
same. If chromatin is the seat of factors having to do with definite 
adult structures it follows that chromatin in different organisms 
must be different in ultimate composition. Or, to state it in another 
way, the differences between Amwba, sea-urchin and mammal are 
relatively no greater than the differences between Amceba, the egg 
, of a Sea-urchin and the egg of a mammal, nor are these relatively 
greater than the differences between the chromatin of Amcdm, of 
the sea-urc^hin and of the mammal. Chromatin in these three cases 
represents the last stage of evolution in each no less surely than the 
adult structures do, but they are beyond reach with our present 
means of analysis. 

In vesicular nuclei the chromatin granules may be distributwl 
more or less evenly throughout the nucleus, or they may be st!gre- 
gate<l in "net-knots” or either alone or combined with other nuclear 
substances in one large central globular mass to which Minchin 
gives the name endosome as an equivalent for the terip Binmn- 
korper, or they may be aggregated in several such globular masses 
or multiple endosomes distributed throughout the nucleus or plas- 
tered to the nuclear membrane. 

Endosomes may consist entirely of chromatin as appears to be 
the case in nuclei of some Microsporidia {Glugea and Thelohania), 
or some flagellates (Prowassekia, Belar, 1920, etc.), or in the multi- 
ple endosomes of Noctilvea mUians or of PolysUmeUa crisjm. Or 
they may be composed of chromatin and plastin in various com- 
binations. Thus in AcHnoaphcemim eichhomii in some stages of 
nuclear activity, the chromatin component is in the form of an 
incomplete ring which partially encloses the plastin portion (Fig. 
22, c). In other cases the plastin is entirely surrounded by a cortex 
of chromatin which may be dense and compact as in the case of 
many types of rhizopods and Sporozoa or loosely aggregated as in 
nuclei of Endamceba inleslimlis (Fig. 23). The distributed gran- 
ules of deeply staining material which represent the substitute for 
a nucleus in Dileptus anser are similarly composed of a plastin 
core and a chromatin cortex, the former increasing enormously 
after treatment of the animal with certain kinds of food such as 
beef broth. Here the term endosome is scarcely applicable since 
the bodies in question are not inside a nuclear membrane, but they 
appear to be morphologically equivalent to these intranuclear 
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structures. After treatment with beef broth the body of DiJeptus is 
enormously distended due to the swelling of these cytoendosomes 
(Fig. 24). 

The centrally placed intranuclear body is generally described’ 
under the name karyoaome, a term which has been so widely used 
by students of the Protozoa and for so many obviously different 
structures that it is practically synonymous with endosome or 
Binnenkorper. Thus Minchin describes it as a combination of chro- 
matin and plastin; Doflein defines a karyosome as a centrally placed, 
sharply outlined a^d constant constituent of the nucleus, wUch may 
contain no chromatin or may be a combination of other substances 
with chromatin and which divides during nudear division, to form 



Fig. 23. — A, Endamaha inteatindlt^; (e) endosome; (c) cortex of chromatin; B, 
nucleus and " sphere” (s) of NoctUnca miliaris with multiple endosomes. (Original.) 


two corresponding daughter structures (Doflein, 1916, p. 22). 
Hartmann’s (1911) definition is more limited, a karyosome in his 
use of the term being an endosome (Binnenkorper) containing a 
centriole. Belar (1921) finds a “karyosome” in Chlamydophrys 
minor which breaks up and disappears forming neither c^omatin ‘ 
nor kinetic elements. If we attempt to combine these different 
views into a common definition we find that a karyosome may be 
an intranuclear body which may consist of plastin alone; or kinetic 
element alone; or chromatin together with plastin; or a combination 
of chromatin with kinetic elements; or a combination of chromatin, 
plastin, and kinetic efements. Such a definition obviously would 
fail to specify any particularly nuclear structure and so far as its 
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practical value is concerned the term karyosome is no more useful 
than the non-committal term Binnenkorper or Minchin’s equivalent 
term endosome. I would advocate, therefore, discarding altogether 



Fig. 24.—- Dileptus anser: A, vegetative individual in culture with nucleus in the 
form of scattered chromatin granules; individual showing the effect of treatment 
with beef extract on the chromatin granules. (Original.) 


the term karyosome which seemingly' bears the earmarks of some- 
thing definite in the cell, using in its place the general non-committal 
expression Binnenkorper, or its equivalent term endosome, the 
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latter as yet, at least, having no specific significance, while for the 
endosomes having functions characteristic of the kinetic complex 
a specific term may well be applied. In the present work .1 shall 
employ the term endosome in a general way to indicate all central 
intranuclear structures including those of kinetic function, while 
for those which are known to be of the nature of kinetic elements 
I shall use the term endcbascH body. 

The endosome-bearing vesicular nuclei present manifold variations 
in the arrangement of chromatin. In some the entire chromatin 
content is confined.to the endosome which seems to rest in the center 



Fio. 25. — Division in Euglena viridia; nucleus with endobasal body. preparing 
for division, the endobasal body surrounded by chromosomes;” Cand D, suc- 
cessive stages in nuclear division. (From Wilson after Keuten.) 


of a colorless enchylema traversed by strands of linin radiating from 
the endosome to the nuclear membrane {Arcella vulgaris, Cochlio- 
podium bUimbosum and rhizopods generally, as well as in many 
Coccidia and* Gregarinida). In other cases the endosome retains 
only a little of the chromatin, the bulk of which is present as a 
dense network in the zone between endosome and membrane 
(Amoeba intesiinalis, A. crystalligera, etc.). In still other cases the 
chromomeres are distributed more or less uniformly throughout the 
nuclear reticulum (Etiglypha aiveolata, etc.). 

In vesicular nuclei with endobasal bodies the chromatin may be 
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in the form of more or less regular chromomeres uniformly dis- 
tributed in the nuclear space (Euglena type. Fig. 25), or more or 
less compactly aggregated about the kinetic element (many species 
of Endamaba, various flagellates, Coccidia and Myxosporidia, etc.). 
Or, finally, the chromatin may be in the form of relatively large 
granules collected in a zone just within the nuclear membrane 
(e. g., Pelomyxa), or in fine granular form may make up the chief 
part of the nuclear membrane {Vahlkam'pfia Umax, Fig. 26). 



Fio. 26. — Division of amccbeo. A to /, successive stages in division (promitosis) of 
Vafdkampfia Umax; J to L, mitosis in Endamaba coli. (Original.) 


A peculiar and most unusual type of vesicular nucleus is present 
in Noctilnca miliaria and has the superficial appearance of a massive 
nucleus. Two distinct types of structure have been described, one 
by Doflein, the other by Calkins, and the descriptions differ so widely 
that it is difficult to recognize them as pertaining to the same 
organism. According to Doflein, the nucleus belongs to the massive 
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type having uniform chromatin granules distributed upon a regular 
reticulum and with nucleoli of irregular form and size throughout its 
substance. According to Calkins there is no evidence of a chromatin 
reticulum, but the massive character of the nucleus is due to the 
presence of relatively large and stiff colloidal masses of intra-alveolar 
material while the chromatin is aggregated in the form of ten or 
eleven irregularly distributed masses which were called “chromatin 
reservoirs” but which appear to be multiple endosomes. That 
these masses consist of chromatin is clearly indicated by the fact 
that they fragment into chromomeres prior to division and that the 
chromomeres fomf the characteristic and unmistakable chromosomes 
of the nuclear spindle (Fig. 52, p. 101). These diverse accounts of 
the nuclear structure of NoctUuca indicate the possibility of regional 
varieties of this universally distributed species. • 

Mention may be made here of the vesicular nuclei which arise by 
a process of so-called free-nuclei formation, the evidence for which 
is difficult to interpret otherwise. It rests, in the main, on the 
observation of Hertwig as early as 1876, and again in 1899; of 
Schaudinn in 190.3; of Lister„1905; of Goldschmidt in 1907; Elpati- 
'ewsky in 1907, and Swarzewski in 1908. In all cases the free 
nuclei arise by the association of chromidia or chromidiosomes 
which have been derived from the nucleus and distributed in the 
cytoplasm. Both Elpatiewsky and Swarzewski describe the for- 
mation of the Minute gametes of Arcella vulgaris by the fragmen- 
tation of*the cytoplasm into minute cells about these free nuclei. 
These gametes move off as minute amoebse leaving the parent with 
its “primary” nuclei, which ultimately degenerate. Each of these 
gametes contains at first a few scattered granules derived from the 
chromidial mass which ultimately unite to form the gamete nucleus. 
The process is more minutely described by Goldschmidt in connection 
with the mastigamoeba MasiigeUa tiirea. Here a chromidial mass 
forms on the outside of the nuclear membrane by transfusion of 
chromomeres (Fig. 27). After separation of this mass from the 
nucleus, the chromomeres come together in groups and form nuclei 
about, which minute gamete cells are cut out from the cytoplasm 
while the primary nucleus remains intact. A somewhat similar mode 
of formation of the microgamete nuclei of Coceidium schvbergi was 
earlier described by Schaudinn. This type of nucleus formation, 
according to Minchin, represents the possible origin of Protozoa of 
“cellular grade” from bacteria-like organisms of non-cellular grade, 
in which the chromatin is permanently distributed. Doflein (1916) 
remains skeptical in regard to thb type of free-nuclei formation and 
Kofoid (1921), apparently without investigation of free-living forms, 
maintains that sudi free nuclei are intracellular parasites. It is evi- 
dent that the burden of proof here rests with the critics. 

In the massive type of nucleus the chromidiosomes are usually of 
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similar size and are densely packed throughout the entire nucleus, 
giving a characteristic appearance after staining. They are widely 
distributed in Dinoflagellata, Ciliata and Suctoria, but there is con- 
siderable variation in their density in different species, especially 
in the Infusoria. In some of the micronuclei (e. g., Paramecium 
caudatum, Euplotea patella, etc.), the chromidiosomes are so tightly 
packed as to give them, more than any other type of protozoon 
nucleus, the aspect of a spermatozoon head (Fig. 22, D, E, F). In 
other cases the granules are very fine and follow the course of the 
linin network thus affording an excellent picture of the alveolar 
structure within the nucleus. 



Fio. 27.— Chromidia formation in MasHgdla and Masligina. B, young forms 
ol-McLstigelUi vitrea prior to chromidia formation; C, chromidia arising from the nucleus 
Z>, young form of Masligina setosa with accumulation of chromidia; F, mature 
stages of M, setosa; formation of gametic nuclei (a) from scattered chromidia. 
(After Goldschmidt.) 

The formation of the massive type of nucleus during reorganiza- 
tion after conjugation is clearly shown in the case of Uroleptua 
mobilia (Fig. 1, Frontispiece) . The young macronucleus is formed by 
a second division of a fertilization nucleus after conjugation when it 
appears as a vesicular nucleus with a fine linin reticulum which has 
no staining capacity. In life it appears like a large, highly refractile, 
vaQUole. It remains in this ghost-like condition for a period of three 
or four days, enlarging meanwhile and becoming ellipsoidal in form. 
Chromatin ultimately makes its appearance in the form of minute * 
granules on the nuclear reticulum. These granules increase in 
number and in size until the characteristic dense nucleus with 
intense staining capacity results (Fig. 28). It then divides with the 

4 
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first post-fertilization division of the cell, and each daughter-nucleus 
divides three times. 

(b) Unin.— The achromatic reticulum of the nucleus appears to 
be continuous with the alveolar reticulum of the cytoplasm, the 



Fig. 28.— Origin of macronuclcus after conjugation in Uroleptus mobilia, (1) 
First metagamic mitosis of the amphinucleus; (2) one of the progeny of this division 
dividing again; (3), (4), (5) telophase stages of second division of the amphinucleus 
resulting in a new macronucleus (above) , and a degenerating nucleus (below) ; (8 to 
10), stages in differentiation of the young macronucleus and disintegration and 
absorption of the old macronucleus; in (10) two new micronuclei are in mitosis 
preparatory to the first division of the ex-conjugant. ( Af ) new macronucleus ; (m) new 
micronuclei; (d) degenerating old macronucle^. (After Calkins.) 


continuity of protoplaamic stuffs, being unbroken in the living 
organism. In fixed and stained cells, however, unless the fixation 
is perfect, there is very apt to be a clear space between the nuclear 
membrane and the cj^oplasm. Such perinuclear spaces are due 
to the shrinkag e accompanying coagulation of the. colloidal proto- 
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plasmic substances under the action of the killing fluids and are 
always to be interpreted as artefacts. The chromidiosomes are 
suspended in, and held in place by, the linin reticulum, which in 
some cases is extremely delicate and difficult to see, while the inter- 
alveolar spaces are filled with fluid enchylema {e. g., Arcella vulgaris). 
In other cases, owing to the suspension of very fine chromomeres, the 
outlines of the intranuclear alveoli are characteristically distinct 
{e. g., Adneta grandis). In most massive nuclei, however, the 
comparatively large chromidiosomes distort the alveolar walls, 
more or less completely obliterating the reticulum. 

(c) Membrane.~ Like other constituent parts of the protozoon 
nuclei, the membranes are highly variable, sometimes presenting in 
optical section only one contour on the outer side (e. g., Adino- 
sphaf^um); sometimes showing contours both outside and inside 
(Amceba protetis). In the' former case the inner zone adjacent to 
the membrane shows a decreasing density inwards, until the linin 
merges insensibly into the intranuclear reticulum. In free-nuclei 



Fia. 29. — Vahlkampjia Umax; chromatin forminK the nuclear membrane and 
giving rise to chromidia. (After Calkins.) 

formation, antecedent to gamete formation described above, the 
nuclear membranes are probably formed from the cytoplasmie 
reticulum in which the chromidiosomes are lying. Chromomeres 
also take part in the formation of nuclear membranes in some 
cases, e. g., in Vahlkampfia Umax, where the linin membrane is too 
delicate to be seen, although the definite limitation of the chromo- 
meres indicates its presence (Fig. 29). 

One peculiarity of the nuclear membranes of Protozoa which dis- 
tinguishes them from nuclear membranes of tissue nuclei, is that in 
the majority of cases they remain intact during all phases of cellular 
activity and only rarely disappear, or disappear in part only, during 
division processes of the cell. (For description of chromatin, mem- 
branes etc., during division, see p. 114.) 

(<0 Plastin.~ Plastin, perhaps not different from linin, has been 
definitely identified only in a few cases of Protozoa, and much 
remains to be done before an accurate account of its functions in the 
nucleus can be written. Probably a derivative of chromatin as 
early suggested by van Beneden, it is an important substance in 
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the make-up of the all types of nuclei, occurring in pure form in the 
nucleoli of tissue cells, but only rarely as such in Protozoa. Al- 
though rare in this pine form (Reichenow describes it in the nucleus 
of Hwmogregarina stepanowi), it is widely distributed in combination 
with chromatin, and the majority of endosomes are made up largely 
of plastin. From such combinations the plastin or the chromatin 
constituent may be separated out during nuclear division or during 
certain other phases of cellular activity. Thus Hertwig has shown 
that the endosome of Admosphcenvm eichhomii, consisting of 
chromatin and plastin in rather loose combination, loses its chro- 
matin which is then*distributed over the nuclear reticulum while the 
erstwhile plastin endosome becomes a true plastin nucleolus with 
characteristic reticular structure and staining capacity (Fig. 22,' c). 
Plastin, furthermore, appears to be the ground substance by v^ich 
chromidiosomes are cemented together to form compact chromo- 
somes during division, or to form a more or less definite mass of 
cytoplasmic chromidia (see Goldschmidt, 1906, Mastigella vitrea). 
It also appears to be associated with, and to form the matrix of, 
kinetic elements or endobasal bodies and selects the acid dyes in 
differential staining. 

. (fi) Nuclear Sap or Enehylema.— The more fiuid substance of the 
nucleus appears to differ in no marked degree from the intra-alveolar 
substances of colloidal nature of the cytoplasm. It is relatively 
abundant in vesicular but scarce in massive nuclei. 


2. MULTIPLE AND DIMOEPHIC NUCLEI. 

While a single nucleus is characteristic of the vast majority of 
Protozoa, multiple nuclei are not uncommon and may be found in 
every group. In some forms, as in many Mycetozoa, the multi- 
nucleate condition may be due, not only to repeated nuclear divi- 
sions, but to the plastogamic union of originally independent cells, 
the aggregate being called a plasmodium. In other cases, as in 
Foraminifera, Radiolaria and Myxosporidia, the multiple nuclei 
are due to the incomplete division of the cell body after the nuclei 
have divided; or no attempt at all is made by the cell body to 
diidde. Analogous multinucltote stages are frequently found during 
certain phases of the life history of many types such as the antece- 
dent stages of ^rulation and gamete formation in Rhizopoda and 
Sporozoa. In still other, and in the typical cases, multiple nuclei 
are present throughout the entire vegetative life, the number 
ranging from two to several hundred {e. g., AcHnoaphcBiium). 
Characteristic and familiar examples of binucleate cells amongst 
rhizopods are ArceUa vulgaris, Pehmyxa birvudeata, etc.; amongst 
flagellates, Giardia intestinalia and other species of the same genus. 
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Multiple nuclei axe found in PeUmyxa pahistris, Aciirmphmium 
eichhomii, Calonymphidae aiid in the majority of Infusoria. 

Dimorphic nuclei are examples of multiple nuclei in which a differ- 
ent function in the cell is associated with the different nuclei. Such 
function may be of a sexual nature as in the Myxosporidia where 
differences in size and stmcture indicate a differentiation which may 
be expressed by the terms male and female nuclei since products of 
two of them, one from each type, unite to form a fertilization 
nucleus of ^e young cell (sporozoite) according to the observations 
of Schroeder and Keysselitz. Or the function may be of a metabolic 
nature in one type and reproductive in the othef, as in the Infusoria, 
where the two types show great differences in form and size. Here 
the nucleus having to do with metabolism makes up a large part of 
thewolume of a cell and is usually of relatively large size, hence is 
called the macronwletis, while nuclei having to do with reproduction 
and fertilization are always minute and are called micronticlei 
(Fig. 30). Usually the micronucleus is closely attadied to the 
macronucleus and, in some cases, may be embedded in its substance 
(e, g., Blepharisma undvlans) emerging only during phases of con- 
jugation; or it may be partially hidden in a depression or pit in. the 
macronucleus, or it may be entirely independent of the larger nucleujs 
arid lie freely in the cytoplasm. A typical example of dimorphic 
nuclei is shown by Paramecium caudatum (Fig. 22, p. 57). 

The form assumed by macronuclei and the number in a single cell, 
varies within wide limits. The most generalized condition is a 
simple, spherical form; but elHpsoidal, rod-like, horse-shoe-shape, 
beaded and branched macronuclei are not uncommon. The beaded 
forms frequently appear like several separated nuclei but the seg- 
ments are usually enclosed in a common membrane contracted at 
the nodal points, the entire aggregate forming a single nucleus 
(Spirostomum, Stentor, Amphikptus, Urmychia, etc.). In other 
cases, however, multiple macronuclei are formed by repeated nuclear 
divisions, the eight macronuclei of Uroleptus mobUie, for example, 
arising by three consecutive divbions of an original single nucleus 
(Fig. 1). The size of the macronucleus bears no constant relation 
to the size of the organism (Fig. 30). 

Micronuclei do not differ much in form but vary in structure 
from typical vesicular to compact massive types. Their number in 
the ceU likewise varies from 1 to as many as 80 or more (Stentor). 
They are never connected with one another, but are quite indepen- 
dent and distributed at intervals along the side of the macronuclei. 

There is little or no evidence of the phylogenetic origin of these 
dimorphic nuclei which are distinctive of the Infusoria. In onto- 
genetic origin the macronuclei are invariably derived after conjuga- 
tion from a division product of the fertilization nucleus, the latter 
being formed by the uriion of two micronuclear elements. Hence the 
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Fio. 30. —Illustrating volume relations of macronuclei and cell body. in Spiro- 
slomum ambiQUum; Bt in Sp^roatomum teres; and C, lAonoius procerus; (a), anal pore; 
(C.F.) contractile vacuole; JIf, macronucleus; (mo.) mouth. In Lionotus the mouth 
^ is a long slit,' in Spirostomum a circular opening at the posterior end of the peristome. 
' {A and B alter Stein; C, original.) 
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Fio. 31.— Division of Blepharisma undulans. Here the micronudei are inside the 
nuclear membrane of the macronucleus. (1) Normal vegetative individual; (2) 
elongated cell and nuclear division; (3) details of oral structures and nuclei; (4 to 7) 
stages in cell division; (8) relations of macro- and micronuclei; (9) young cell: (10 and 
11) ex-conjugants; (12) second meiotio division during conjugation. (After Calkins.) 
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statement is usually made that macronuclei arise from micronuclei, 
a statement which is not strictly accurate, since the fertilization 
nucleus is neither one nor the other, but merely a cell nucleus of an 
unorganized individual. In some cases macronuclei and micro- 
nuclei are not differentiated until the third division of the fertiliza- 
tion nucleus {e g., in Cryptochilum nigricans, Paramecium cavdatum, 
Par. pvtrinum, Bursaria truncateUa, Carchesium polypinum, Oper- 
ctdaria coarctata, Ophrydium' versatile, VorticeUa numilata, V. nebu- 
lifera, etc.); in other cases differentiation occurs after tiie second 
divisions (e. g., ini Anoplophrya hranchiatum, Cdpidium colpoda, 
Didinium nasvium, GUmcoma sciniUlans, Levcophrys pahda, 
lAonotvs fasciola, Paramecium aurelia. Par. bursaria, Blepharisma 
undidans, SpirosUmum teres, Euplotes patella and charm, Onycho- 
dromus grandis, Stylmychia pushdata, Uroleptus mdbUis, etc.)^ and 
in still other cases the differentiation takes place after the first divi- 
sion (e. g., CkUodm uncinatus). In all cases both macronucleus 
and micronucleus are formed by metamorphosis of such products of. 
division of the original nucleus after conjugation, the former by a 
remarkable increase in size and in quantity of chromatin, the latter 
by reduction in size and concentration of the chromatin; the former 
becomes a metabolic organoid of the cell, the latter a germinal 
organoid homologous with the chromidiosomes representing idio- 
chromatin of the rhizopods. 

A suggestive history of differentiation of macronuclei and micro- 
nuclei is afforded by Blepharisma undtUans Here, after two divi- 
sions of the fertilization nucleus, each of the four products gives 
rise not by a third division, but apparently by chromatin transfusion, 
to a large, homogeneous and at first feebly-staining body originally 
called a “placenta” by Biitschli. The exuded, peripheral chromatin 
later metamorphoses into the large granular chromidiosomes charac- 
teristic of the massive type of .macronuclei, while the original central 
nucleus, like an endosome, is contained within it where it condenses 
to form the minute micronucleus (Figs. 31 and 32). A similar 
hiding place may account for the apparent absence of micronudei 
in forms like AcHnobdus radians, Lacrymaria olor, Didinium nasu- 
tum, etc. Amicronucleate races of ciliates, however, have been 
cultivated by several observers: Didinium by Patten (1921); 
Oxytricha faUax by Woodruff (1921); 0. hymenostoma by Dawson 
(1919); Paramecium caudatum by I^andis (1920) . and Woodruff 
(1921); Spathidium spaihda by Moody (1912); and Urostyla 
grandis by Woodruff (1921). This condition probably arises >by 
faulty reorganization after conjugation, but is also d^acteristic 
of old-age ciliates. 

Endosomes are comparatively rare in these dimorphic nuclei but 
may be present in the form of (?) plastin nucleoli (macronucleus of 
Epistylis plicaHlis according to Schroder), or as endobasal bodies in 
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micronuclei {Paramecium caudatum, P. buraaria, etc.), which in 
some cases assumes the fom of a centriole, forming a typical cen- 
trodesmus during division (e. g., in first maturation spindles of 
Urokpiua mobUia). 



Fig. S^.—Bodo ovatus Stein (edax, Belar). (1) Vegetative individual with two 
flagella; blepharoplast (bl) and nualeus with endosornc. (2 to 6) Division of the 
basal bodies, blepharoplast and nucleus; (7 to 10) completion of nuclear division and 
division of cell body. (After Belar, from Doflein.) 

3. KINETIC ELEMENTS. 

The kinetic elements of Protozoa are those structures of the cell 
which are closely connected with the visible expression of the trans- 
formation of energj' resulting from destructive metabolism. Such 
expression may be in the form of movement due to the activity of 
specific motile organs formed as a rule from the substance of kinetic 
elements, or it may be in the form of intracellular activities as indi- 
cated by the transformation and movements of internal attraction 
centers, center of radiation, of nuclear division, etc. The kinetic 
elements are justly regarded by many observers as the most elusive 
and perplexing, but at the same time the most fascinating of all 
the organoids of Protozoa. 
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Kinetic elements appear in Protozoa in a multitude of structures, 
sometimes intranuclear, sometimes cytoplasmic, and often both 
inside and outside the nucleus. Whether or not they are permanent 
organoids of the cell is subject to the same arguments pro and con 
which have been raised for and against the permanency of the cen- 
trosome in Metazoa. There is strong evidence, as the following 
pages will show, that not only are many types of cytoplasmic kinetic 
elements derived from the nucleus, but also that chromatin and 
intranuclear endobasal bodies are closely related, while some types 
that are confined to the cytoplasm are composed in part, or entirely, 
of a substance which closely resembles chromatin (parabasal bodies). 
Little is known of the chemical composition of the latter, but they 
stain intensely with some of the nuclear dyes and divide by simple 
consttiction at periods of cell division. 

The kinetic elements vary in complexity from simple homogeneous 
spheres and granules to extremely complicated systems of masses 
and fibers, to which, in some cases, a sensory and conductile function 
has been attributed in addition to the primary functions associated 
with movements. To these more complex types Kofoid applies 
the name “neuromotor” systems, a suggestive term first used by 
, Sharp (1914) in describing the characteristic structures and sup- 
posed functions of the kinetic elements in Diplodinium ecavdahm. 
In general, they appear to be more highly differentiated in parasitic 
than in free-living types of Protozoa where, as Kofoid (19ilG) points 
out, the denser media in which they live and have to move, such as 
blood, mucus, intestinal contents, etc., require more powerful motile 
organs and better developed kinetic centers than do water-dwelling 
forms. On the other hand, free-living forms have not been so exten- 
sively and carefully studied as the usually more minute parasitic 
types and the field of investigation opened by the observations of 
Yocom (1918) and the experiments of Taylor (1920) on Ewphtes 
patella indicate that free-living ciliates arc not far behind in this 
line of differentiation (see infra p. 109). 

In many cases it is impossible to tell from observations on ordi- 
nary vegetative individuals, whether a given structure belongs to 
the kinetic elements or to some other group of the many types of 
protoplasmic granules. This is particularly true of the intranuclear 
forms where incomplete extraction of a stain may give the appear- 
ance of a granule in some chromatin or plastin ma.ss. In such 
cases the identity of the structure can be determined only by its 
history during nuclear division. Cytoplasmic forms can be more 
easily detected by reason of their relation to motile organs or to 
more or less complex fibrillar structures. 

(a) Intranuclear BLinetic Elements CBndobasal Bodies). — Endobasal 
bodies in nuclei of different Protozoa are highly variable and no 
general description is possible. In some cases they stain ihtensely 
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with nuclear dyes, especially with iron hematoxylin (Euglenida); in 
other cases they stain feebly or not at all with the same dyes that 
color the chromatin {e. g., Chihdon). In some cases they" are large 
and appear homogeneous throughout; in other cases there is a defi- 
nite, deeply-staining central granule embedded in a more faintly 
staining matrix, or such a granule may be present without the 
accompanying matrix ; or, finally, there is no evidence at all of kinetic 
elements in resting nuclei, but collections of homogeneous substance 
are present at the poles of the nucleus during divisiop (pole plates). 

1. Large Homogeneous Endobasal Bodies— In this type the endo- 
basal body is conspicuous by its large size and homogeneous struc- 
ture. It was first described by Ketiten (1896) in Euglena viridis 
and was early recognized as a kinetic element connected with nuclear 
division as attested by the names intranuclear centrosome, division 
center, etc., applied to it, while nuclei containing it were included 
by Boveri in his “centronucleus” type. In Euglena viridis and 
euglenoids generally, this endobasal body according to earlier 
descriptions of Keuten, T.schenzoff (1916) and others, is the most 
conspicuous structure of the nucleus, where, in the resting nucleus 
it appears as a spherical or elongated ellipsoidal body with chromatin 
granules of limited number suspended between it and the nudear 
membrane (Fig. 26, p. 62). It ^vides prior to division of the chro- 
matin, first elongating with a concentration of its nmterial at the 
poles {B, C). The elongation continues until a thin fibril, called a 
centrodesmose, alone connects the two halves (C, D). The centro- 
desmose ultimately breaks and its substance is absorbed by the two 
daughter elements (B). According to more recent observations 
of Baker and of Hall (1923), however^ there is an extranudear ble- 
pharoplast which divides with connecting paradesmose, the daughter 
blepharoplasts as centrioles forming the poles of the spindle. (See 
also Oxyrrhis, Fig. 43.) In the rhizopod Chlamydophrys stercorea, 
as well as in the flagellate Bodo omtus, the endobasal body which is 
quite similar to that of Euglena, divides subsequently to division 
of the chromatin (Schaudinn, Belar, Fig. 33), while in Amceba 
crystalligera (Schaudinn) there is no centrodesmose formed during 
division, a condition not uncommon in the rhizopods (e. g., ArceUa 
vulgaris according to Swarezewsky; Vahlkamfia Umax (Fig. 26), and 
many species of Endameeba). Not only is this simple type of endo- 
basal body found in rhizopods and flagellates, but also in some 'cases 
in the more complex ciliates, where, in ChUodon cucuUus, for ^cample, 
the macronucleus contains a definite endosome which behaves 
exactly like that of Euglena (Fig. 34). It is highly probable that 
in all of these cases the endobqsal body is embedded in a core of 
plastin. 

2. Endobasal Bodies wUh Centrioles.— Centrioles are kinetic ele- 
ments in the. form of minute .granules, which in Metazoa and in 
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some types of Protozoa, form the focal points of the mitotic spindle. 
In many Protozoa minute granules may be embedded in a matrix 



»Fig. 34. — Chilodon sp. Macronucleus with endosoino and epdobasal body (end) 
(mo) Mouth surrounded by pharyngeal basket. (Original.) 

of chromatin or plastin, or in a combination of both. These in some 
cases form the poles of typical spindles, but in the majority of cases, 
apart from the polar granules and the connecting centrodesmose, 
there is little evidence of a typical spindle. 



Fio. 35. — Endama^ dyaenteruB (Councilman and Lafleur). Two stages in the 
metamorphosis of endosome and endobasal body. (After Hartmann.) 


In some cases this type of endosome undergoes changes in appear- 
ance which Hartmann (1911) and his followers have interpreted as 
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Fig. 36.— Urolepiu8 mohUis Eng. First and second meiotio divisions during con- 
jugation. (A) Two conjugating individuals; (B to €f) formation of the first spindle 
pole by division of the endobasal body (with centrodesmose) ; (B to jif ) first meiotic 
nuclear division; (N to Q) second meiotic division. (After Calkins.) 
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periodic or cyclical in nature. Such variations have to do with 
the concentration of the chromatin substance about the endobasal 
body or centriole, being massive and dense in certain phases and 
distributed in others. In Endamceba dysentericB the centriole in 
the latter phase is distinct and definite but in the former phase it is 
hidden by the dense chromatin (Fig. 35). From such conditions 
Hartmann infers that all massive types contain hidden centrioles, 
a conception applied by Naegler to all of the smaller amoebae and 
endamoebae, but is limited to comparatively few types according to 
Glaser. 

Typical endobasal bodies in the form of centriAles are contained 
in die first maturation nuclei of Uroleptus molnlis. Here each 
massive micronucleus fragments into chromatin granules which 
remain in a dense reticulum at one pole of the enlarging nucleus until 
the chromosomes are formed. A centriole, hidden in this mass, 
divides and one-half traverses the nucleus to form the first pole of 
the maturation spindle but remains connected by a centrodesmose 
with the other centriole which, in turn, forms the other pole of the 
spindle (Fig. 36, b, g). Similar centrioles are found in widely 
separated groups of Protozoa. In Coccidiwm schubergi, according 
to Schaudinn (1900), the endobasal body divides with a long con- 
.necting centrodesmose. Here, however, part of the material of 
the centrodesmose collects into two granules with a more densely 
stained connecting thread, thus producing a structure which Dofiein 
interprets as analogous to the mid-body (Zwischenkorper) of 
Metazoa and plant cells. In PolyUmeUa agilis as described by 
Aragao, in some trypanosomes, and in many minute amrobte, cen- 
trioles showing a similar history are of frequent occurrence (see 
Chatton, Nagler, Glaser, et al.). In Amoeba diyhmiioiica, Aragao 
(1904) has also described two types of endobasal bodies in the same 
species. One resembles the homogeneous endosome of Evylena 
nridts in having no centriole (Keuten), while the other type consists 
of a substance similar to that of the first type within which a 
centriole is embedded the latter forming a typical centrodesmose 
during division. It is probable, however, that this supposed differ- 
ence is only a matter of technic. The fate of the centrioles after 
division differs in different cases. In some e. g., Bodo hcertce, Belar, 
1921, Figs. 37, 38), they come from the nucleus and reenter the 
daughter nuclei;"* in others they arise from basal bodies and become 
basal bodies of the flagella after division (e. g., ChUomasiix auhstomi, 
Bekr, 1921; ParapolypUma, Jameson, Spongomonc^, Hartmann, 
etc.). 

\^ile the embedding matrix in most of the above cases is similar 
to chromatin in its reaction, and forms an important part of the 

* See, however, the earlier contradictory accounts of Prowasek (1904), Alexeieff 
(1014), and Kuczynski (1918). 
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endobasal body, there' ale other types (e. g., Myxobohu ^eifferi, 
one of the'Myxosporidia) in which the centriole emerges from an 
enveloping plastin-like matrix, which, like a nucleolus, then degen- 
erates and disappears. 

An interesting variation of this type of endobasal bodies is illus- 
trated by AmcAa vespertilio as described by Doflein. Here the 
endosome is composed of chromatin, plastin and kinetic elements 
and all parts of the spindle are made up solely from these endosomal 
substances, whUe the outer nucleus appears to be passively divided 



Fio. S7, —Bodo lacertoB Grassi. Early stages of division of the basal bodies, {bh ) ; 
blepharoplast ring (bl ) ; nucleus and parabasal body (p). (After Belar.) 


(Fig. 39). In contrast with this may be cited the observation of 
Enriques (1913) who found complete spindles without trace of 
chromatin. 

Centrioles, finally, may be present without other covering or 
enveloping substances as in the case of Paramceba chcetognatha 
(according to Janicki, 1912), or in Centropyxia acukata according 
to Schaudinn, 1903). In the former a centrodesmose is formed 
during division stages; in the latter no centrodesmose occurs but 
the centrioles at the poles of the mitotic spindle, as in a metazodn 



NUCLEI AND KINETIC ELEMENTS 81 

astrosphere, fonn attraction centers, not only for the spindle fibers, 
but also for astral rays extending into the cytoplasm. 

3. Nuclei with Pde Plaies and Without Endobasal Bodies — This 
type of nucleus is diaracterized by the entire absence of endobasal 
bodies. A hyaline mass, which stains with difficulty, may, however, 
be present at the spindle poles during nuclear division, but in 



Fig. 38 . — Bodo lo/certas Grass! ; division stages continued. (E) Origin of centriole 
in the nucleus, and their retention in the daughter nuclei, (F to G); (66) basal bodies 
(c) centriole. (After Belar.) 


many cases it cannot be detected in the resting nucleus. During 
division it occurs in characteristic forms known as pole plates. 

In the micronuclei of Paramecium cavdatum such a mass forms a 
hyaline cap at one pole of the otherwise chromatin-filled resting 
nucleus. Observations are entirely lacking in regard to division 
of this mass during reproduction, but similar aggregates of non- 
• staining substance are present at the distal ends of the daughter 
6 
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nuclei during stages of division (Fig. 40) . Similar pole plates appear 
as broad, flat, and hyaline ends of the spindles of AcHmspkcBrium 
eiehhomii according to Hertwig (1898), in the spindle of Tncho- 
aphcerium sieboldi according to Schaudinn (1899), and in the macro- 
nucleus of Spirochona gemmipara (Hertwig). In this group, also, 
we would include the peculiar hyaline globular bodies at the poles 



Fio. 39 . — Amaha vespertilio Dof. Grinin of the spindle within the nucleus (1,2), 
nuclear division (5, 6, 7), and reconstruction of nuclei after division (3, 4, 8, 9), 
(After Doflein.) 


of the nuclear spindles of Euglypha alveolata as described by 
SchewiakofF (1888). 

It is quite possible, although direct evidence is lacking, that none 
of these peculiar pole plate structures belongs to the group of 
kinetic elements. Indirect evidence favoring this possibility is 
fmmished by the entire absence of observations on the division of a 
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definite body, the substance of which forms the pole plates. Hertwig 
(1898) and Dofiein (1916) assume that they are formed from the 
linin substance of the nucleus. On this assumption the pole plates 
might be interpreted as hyaline aggregates of the linin reticulum of 
the nucleus, indeed, the hyaline and homogeneous appearance of 
the pole plates is suggestive of amoeba ectoplasm. With our present 
knowledge I am inclined to agree with this interpretation of pole 
plates and to regard Paramecium cavdatum, with other species of 
this genus, Actinmpheerium eichhomu and the other forms men- 
tioned above, as containing no intranuclear kiij^tic elements. To 
such a group we would also assign forms like Aulocantha scolymantka 
and Chilomonas paramecium, in which according to observations of 



Fig. 40. — Mieronudoiis of Paramecium caudatnm in tho prophases of the first 
moiotie division. A, Early staRe in the formation of chromosomes; B, elonRation 
of the nucleus prior to crescent forhiation; C, motaphase of the first division. Dehornc 
describes the entire chromatin agRrcRatc as forming one highly convoluted chromo- 
some. (After Dehorne.) 

Borgert (1909) and Alexeieff (1911), not only intranuclear kinetic 
elements but pole plates as well are entirely absent. 

(b) Extranuclear (Cytoplasmic) Kinetic Elements.— It is in the 
cytoplasm that kinetic elements are most highly differentiated, and 
the often perplexing structures which appear in different tyixjs of 
Protozoa have led to much confusion in terminology. Any attempt, 
therefore, to present a clear picture of the diverse elements and to 
distinguish one type from another, inevitably leads to contradictions 
in connection with interpretations of one or another observer. 
The facts may be marshalled, how'cver, into a fairly logical and con- 
sistent series indicating an increasing complexity in the organization 
of the ceH. Such a series is presented in the following pages with 
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understanding that it involves no daim of finality, nor d^s it 
indicate phylogenetic relationships. 

The kinetic structures most frequently found in the qytoplasm 
of Protozoa are relatively simple, the more complex types which 
have been revealed being found in comparatively few cases. In 
considering Protozoa as a group, therefore, too mudi weight should 
not be attributed to these more complicated forms, f^or purely 
descriptive purposes they may be considered in the following order: 
(1) Kinetic elements, which are morphologically and functionally 
equivalent to intranuclear centrioles forming parts of endobasal 
bodies and usually derived from them; (2) blepharoplasts equivalent 
to basal bodies, or independent of basal bodies, which lie at or near 
the bases of motile organoids and give rise to the kinetic structures 
'in them; (3) basal bodies derived from and independent of Blepha-. 
roplasts; (4) parabasal bodies which are closely connected with the 
blepharoplasts and probably derived from them; (5) centrodesmoses 
and paradesmoses, or connecting fibrib between kinetic elements; 
(6) rhizoplasts, or fibrils originating as outgrowths from the sub- 
stance of specific kinetic elements and connecting two such elements 
or ending blindly in the vicinity of the nucleus; (7) astrospheres 
and centrosomes, similar to analogous structures in the ceUs of 
Metazoa; (8) miscellaneous kinetic elements such as centroble-' 
pharoplasts, axostyles, parastyles and the neuromotor apparatus of 
flagellates, “motorium,” conductile fibrils, and myonemes of Infu- 
soria, myophrisks of the Radiolaria, etc. 

Since many of these are characterized by their functional activi- 
ties as well as by their specific structures, it is not illogical to find 
that the same organoid performs generalized functions. Thus a 
blepharoplast may be the same as a centriole, or as & basal body; 
rhizoplasts may arise as a broken centrodesmose or paradesmose; a 
myoneme as a conductile element, etc. The complexities of organi- 
zation arise from the simultaneous presence of many of these differ- 
ent kinetic elements in the cell where they may form a coordinating 
system of organoids which Sharp and Kofoid have aptly designated 
the neuromotor system. 

1. Blepharoplast, Basal Body and Centriole.— In many of the 
comparatively simple Protozoa which have no specialized motile 
organoids, the cytoplasm apparently lacks all traces of specific 
kinetic elements. Thus in the entire group of Sporozoa, in the 
simpler Gymnamoebida and in testate forms of rhizopods, kinetic 
elements, if present at all, are in the form of endobasal bodies within 
the nucleus or as centrosomes close to it. Arndt (1924) however, 
has recently described a centrosome, with centriole, which divides 
and forms the poles of the mitotic figure in Hartmannella {Pseudo- 
chlamysf) klitzkei, a testate rhizopod (Fig. 41). In spme of the 
relatively simple rhizopods, however, especially those belonging to 




Fig. AX,—HaHmanneliUi (PaeudochlamyB f) klitzkei Arndt. Centrosome and cen- 
triole in a testate rhizopod. A, Animal with watch-glass-like shell; B to F, origin 
of the centrofome in the cytoplasm, its division, and position on the spindle; 0, 
anaphase stage of nuclear division. (After Arndt.) 
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the family which Doflein has called the Bistadiida?, from the fact 
that two distinct phases— an amoeboid and a flagellate phase— are 
interchangeable, we find organisms which throw light on the origin 
of cytoplasmic kinetic elements. Such dimorphic types of rhizo- 
pods have been repeatedly observed since Dujardin first called 
attention to them, but details concerning the origin of kinetic ele- 
ments and the flagellum have been made out only through use of 
modern cytological methods. 

In some Protozoa, e, g,, Codosiga botrytis, the kinetic elements of 
the flagellum grow directly out of an endobasal l^dy in the nucleus, 
indicating their origin from an intranuclear kinetic element (Fig. 
42, A), in other simple forms the flagellum arises from a kinetic 
element situated in the cytoplasm but connected with the intra- 
nuclear kinetic element by a rhizoplast at some stage (Fig. 42, J3). 
In Polytoma uvella according to Geza Entz (1918), the relations 
between intranuclear and cytoplasmic kinetic elements varies with 
the age of the cell. The usual condition in adult cells is two basal 
bodies, one at the base of each flagellum, and neither of them is 
connected by a rhizoplast with the nucleus. In young individuals, 
however, the original single blepharoplast ( = basal iH)dy) is con- 
nected by a rhizoplast with an intranuclear endobasal body, or a 
larger rhizoplast from the blepharoplast may break up into a calyx 
of fibrils which enter the nucleus at different points. The inference 
might be drawn in all such cases that the cytoplasmic body repre- 
sents one of the daughter halves formed by division of the nuclear 
endobasal body, while the connecting fibril represents the rhizoplast 
formed during such division. These stages are well illustrated by 
the dimori)hic forms of rhizopods during the transition from the 
amoeboid to the flagellated phase. Thus Whitmore describes a 
cytoplasmic kinetic element functioning as a basal body which is 
connected by a fibril with the nucleus and which lies at the base of 
the flagella in TrimaMigamceba philippinerisis, and Puschkarew 
described a similar condition in Nagleria punctata (Fig. 42). The 
most complete observations, however, were made by Charlie Wilson 
in connection with the transition from amexiboid to flagellated stage 
in a closely-related form, Nagleria gruberi, one of the soil ama^ba^ 
She describes the nucleus of this organism as containing a tyi)ical 
endosome within which an endobasal body is embedded. At the 
period of flagellation this endobasal body divides and one daughter 
element migrates through the substance of the endosome and 
through the nucleus to the cytoplasm, retaining its connection 
throughout with the intranuclear kinetic element (Fig. 42, C). In 
the cytoplasm it becomes a basal body which gives rise to the kinetic 
elements of the flagella. In these cases the extruded kinetic ele- 
ment combines the functional characteristics of a blepharoplast and 
a basal body or group of basal bodies. In this dual capacity it 
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may be regarded as a blepharoplast— basal body. In NUgleria 
bigtSdudis according to Fuschkarew it divides, one part remaining 



Fig. 43.— Oxyrrhis marina Duj. ii, JS, front and side views of individual with 
lobe (L); C, division of oentriole (c); connecting strand or paradesmose (pd); and 
chromosome formation in the nucleus; D, beginning of cell division. (After Hall.) 

as a blepharoplast, the other becoming a basal body; the two parts, 
however, are connected by a rhizoplast and rhizoplasts connect 
the blepharoplast with the endobasal body (Fig. 42 , B) . 
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A modification of this mode of origin of the cytoplasmic kinetic 
element is shown by Parapolytoma saiuma according to Jameson 
(1914) and by Oxyrrhia marina (Hall, 1925). In these cases the 
old flagella and their basal bodies are said to degenerate arid dis- 
appear prior to, or during, nuclear division.' An intranuclear endo- 
basal body which is concealed within an endosome during vegetative 



Fio. 44.— OzvrrAM marina; details of nucleus, centriole, and paradesmose. 
(After Hall.) 


life, first divides, its daughter halves forming the poles of the nuclear 
spmdle (Figs. 43 and 44). Flagella may either grow out from the 
substance of the kinetic elements while the latter are still at the 
spindle poles, or from the endobasal body after the daughter nuclei 
are established. 

In Bodo lacerta according to Belar the centrioles after division 
are taken into the daughter nuclei. Here the kinetic elements. 
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although originating from an endobasal body, are different in func- 
tion from those described in the preceding paragraph. Forming the 
poles of the mitotic spindle they are correctly described as centrioles, 
but apparently they again become endobasal bodies (Fig. 38, p. 81). 

While the flagella appear to emerge directly from the nucleus in 
some cases, e. g., in Mastigamoeba intertens according to Prowazek, 
or Codosiga botrytia according to Doflein, in many cases they take 
their origin actually from kinetic elements in the form of centrioles 






C 



// 

Fio. 45. — Flagellum insertion. A, Phidlon&tna cyclostomum; B, Chilomastix 
meanili; C, the same, encysted, (u.m.) Margin of undulating membrane in cytostome. 
(At Original; B, C after Kofoid and Sweasy.) 


which lie on the outside of the nuclear membranes, as in MasUgina 
setosa, Phialonema cyclostoma, Cercomonas longicatida, Oicomonas 
termo, or Chilomastix gallinarum (Fig. 45). In such cases, illustrated 
by Chilomastix aulosiomi according to Belar (1921), centrioles, 
become the basal bodies, and the latter become centrioles. In 
such cases the basal bodies are unquestionably blepharoplasts. 

In other cases the blepharoplast does not remain connected with 
the nucleus by any fibrillar process, but as an entirely separated 
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and independent kinetic element gives rise to the flagella at or near 
the anterior end of the cell (Leptomonaa jaeulum, Scytomonaa aub- 
tUia, Dobell (1908), Scytomonaa jntaiUa, Schhssler (1918), or Iler- 
petomonaa gerridia (Fig. 96). In Chilomaatix meanili Kofoid and 
Swezy (1920) describe three blepharoplasts, one of which gives rise 
to two flagella, another gives rise to one flagellum and the parastyle, 
the third to the parabasal, peristomial flbril, and the c 3 d;ostomal 



^ B 


Fio. 46 . — At Chilomonas paramecium; B, Pcr'anema Iricfiophora, (1) flagella; (2) 
twoiused blepharoplasts; (3) blepharoplast divided prior to division of the cell; (4) 
parabasal body; (5) nucleus. (After Calkins.) 

flaj^llum (Fig. 45, B). Boeck (1921) has confirmed these findings. 
Or, the blepharoplast may migrate toward the posterior end of 
the cell where with or without division to form blepharoplast and 
basal body, it gives rise to a flagellum, which becomes the vibratile 
margin of an undulating membrane as in the majority of trypano- 
somes (Fig. 48, E). In still other cases the blepharoplast also gives 
rise to one endoplasmic fibril or rhizoplast, which extends deeply 
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into the cell as in Chilimonaa paramecium, (or in Rhizomastix 
Mackinnon), or a number of such rhizoplasts may be formed as in 
MaatigeUa mirea (Fig. 46). In these cases the blepharoplast divides 
independently of the nucleus at periods of cell division (Fig. 46, B). 

2. Parabasal Body and Blepharoplast— As a centriole may be 
contained in an endobasal body whid^ consists largely ot chromatoid 
substance, so may a basal body be enclosed in chromatoid substance 
of a blepharoplast, as shown by Groodey (1916) in the flagellate 
Prowazekia (Bodo) saltans, or by Kofoid and Swezy (1915) in 
Trichomonas augtota. Again, just as a centriole may be freed 
from its enclosing chromatoid substance in an endosome, ‘so may 
the basal body be freed from the blepharoplast. In a similar way 
the blepharoplast may be contained in an embedding chromatoid 
mass of a cytoplasmic kinetic element, or it may be free fronf such 
a mass. We may then have in the same cell a kinetic complex 
consisting of one or more basal bodies, one or more blepharoplasts, 
and a residual kinetic element in the form of a chromatoid mass. 
To this residual chromatoid mass the name parabasal body is applied, 
the term originating with Janicki (1915). Kofoid (1916) interprets 
its function as a storage or feeding reservoir for the kinetic elements, 
its substance in turn being deriv^ from the nucleus. 

It is in connection with the parabasal body that most of the 
difficulties have arisen concerning the interpretation of cytoplasmic 
kinetic elements. The difficulties began with Schaudinn’s work 
(1904) on the trypanosome of the little owl (Glauddium [Athene] 
noctmm). Schaudinn’s description and figures of the history of the 
kinetic elements at the base of the flagellum have been cited and 
copied in practically every text-book dealing with the Protozoa 
and have had a wide influence in theoretical protozoology. ' Other 
keen observers, however, have sought in vain for evidence corrobo- 
rating this history. In the absence of such confirmation and in view 
of the multitude of different observers who find a simpler explanation 
in many different types of trypanosomes, including that of the 
little owl (see Minchin, Robertson, Sergent, el al.), Schaudinn’s 
interpretation and conclusions can be accepted only with many 
reservations. 

The essential point in Schaudinn’s description was the origin by 
heteropolar mitotic division of the nucleus of a recently fertilized 
cell (?), of a larger nucleus which becomes the nucleus of the cell, 
and a smaller nucleus which forpis the kinetic complext. This 
smaller nucleus divides again by mitosis, also heteropolar, the 
smaller portion becoming the basal granule which forms theflagellum 
and the “myonemes” of the undulating membrane, while the larg^ 
portion remains intacf as a homogeneous deeply-staining granule. 
The contested points in regard to this phase of Schaudinn’s work 
are, first, the “fertilized cell” of the trypanosome, which is now 
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generally regarded as a stage in the life history of an entirely differ- 
ent parasite of the little owl (Minchin enumerates qo less than five 
different types of protozoon parasites which may live simultaneously 
in the blood of this owl). A second contested point is the origin 
of the kinetic elements of the cytoplasm by mitosis. Other con- 
tested points and untenable conclusions drawn from them have to 
do with sex differentiation and parthenogenesis which need not be 
considered here. 

It is not at all impossible that Schaudinn may have seen the emer- 
gence of a kinetic element from the endosomd of the nucleus as 
described above in the case of N&ghria gruberi, and the similar 
emergence of a basal granule or blepharoplast from a chromatoid 
mass in the cytoplasm. The interpretation of such possible stages 
as mftotic nuclear division, and the smaller products of such division 
as nuclei, has led to numerous theoretical developments which have 
only a narrow basis of fact. Two years after Schaudinn’s paper 
appeared, Woodcock translated it into English and conferred the 
name “kinetonucleus” on the smaller body resulting from the 
heteropolar mitotic division, and the name “trophonucleus” on the 
nucleus of the cell. Schaudinn himself was the first to announce 
, this binucleate character of the trypanosome body and the hypoth- 
esis was taken up by his followers, Prowazek, and notably Hartmann 
(1907). The latter developed the conception into an elaborate 
view of original nuclear dualism upon the basis of which be created 
a special group of the Protozoa including trypanosome-like flagel- 
lates and hsemosporidia, which he called the “Binucleata.”* As 
Doflein points out, not only do the hsemosporidia have no blepharo- 
plasts as do the trypanosomes, but blepharoplasts in the latter are 
not to be considered nuclei. In this use of the term blepharoplast 
Doflein includes the structure to which Woodcock gave the name 
kinetonucleus, but he employs the term in a special sense as a 
kinetic element, while German writers generally use it for structures 
of widely different significance. Thus Schaudinn, although con- 
vinced of its nuclear character, nevertheless called it a blepharo- 
plast. French writers as a rule speak of it as a centrosome (e. g., 
Mesnil, Laveran, etc.) as do some English observers (e. g., Moore 
and Breinl) ; many of the latter, however, follow the original nuclear 
interpretation, Bradford and Plimmer following Stassano, regarding 
it as a “micronucleus” and comparing it with the smaller nucleus 
of* the ciliates, while Woodcock and Minchin considered it a “true 
nucleus.” 

The essence of the problem indicated by the various usages of 
these familiar terms comes down to a decision as to whether the 
so-called kinetonucleus, by which is meant the relatively large 

* For critiques of the Binucleata, see particularly Minchin (1912), Dobel 
( 1011 .) 
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diromatoid body in the cytoplasm and closely connected with the 
basal granule, is a nucleus, or a kinetic center of the ceil, or neither. 
Woodcock’s term, connotes a happy combination of both nuclear and 
kinetic possibilities; the kinetic function evident from its relation to 
basal granules or blepharoplasts, while its nuclear characteristic is 
seen mainly in the deeply-staining chromatin-like substance of which 
it is composed as well as by its frequent connection with the nucleus. 
Some writers, notably Rosenbusch (1909), giving free play to the 
imagination, and under the conviction that it is a nucleus, describe 
it as such, with celhtriole, "karyosome,” nuclear space which may 
contain chromatin granules, and a nuclear membrane. The 
extremely minute size of this organoid and the pranks which the 
Romanowsky stain or any of its modifications may play with it, as 
they do with structures of the actual nucleus, together with a fertile 
imagination, are sufficient to account for the perfect nuclear type 
which Rosenbusch, for example, describes. Other observers, while 
maintaining its nuclear character, do not accept this extreme inter- 
pretation; Minchin, for example, describes it as a “mass of plastin 
impregnated with chromatin staining very deeply, rounded, oval, 
or even rod-like in shape” (Prot. p. 288). 

If we bear in mind the many types of granules in the cell which 
stain like chromatin with certain dyes, it seems unnecessary, to say 
the least, to make the term nucleus, which stands for a well-known 
and easily recognized organoid of the cell, elastic enough to embrace 
cytoplasmic bodies in regard to which there is so little evidence of 
nuclear structure or nuclear function. In well fixed and stained 
material the so-called kinetonucleus affords little evidence of nuclear 
make-up; it appears as a homogeneous mass of chromatoid material 
which divides into equal parts prior to division of the nucleus. Such 
features do not make it a nucleus any more than similar features 
make nuclei of pyrenoids, or bf other plastids of the cell. Func- 
tionally, and unlike the nucleus, it is not necessary for the vital 
activities of the organism, as shown by the experiments of Werbitski 
(1910), confirmed by others, in which by the use of certain chemicals 
the “kinetonucleus” of Trypanosoma brucei disappears without any 
effect upon the movements and reproduction of the trypanosome, 
a race being formed in which this organoid is absent. Nor can the 
“kinetonucleus” be regarded as a centrosome, for although closely 
connected with basal granules, it never behaves like t^n attraction 
center (see Fig. 47, p. 96). With the exception of Schaudinn’s 
account and the overdrawn account by Rosenbusch there is no evi- 
dence that it divides by mitosis; it never develops chromatin which 
by any stretch of the imagination can be called chromosomes. 

If the “kinetonucleus” is not a nucleus nor an active kinetic center 
of the cell, then any misleading appellation such as kinetonucleus, 
centrosome, or blepharoplast, which indicates co-partnership with 
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the actual cell nucleus or othec-easily recognizable organoid, should 
be discarded together with the supplementary term trophonucleus. 
The group Binucleata is sufficient evidence to show how far afield 
we may be led by conceptions indicated by such misleading names. 
Among names suggested to replace the term kinetonucleus is “kine- 
toplast” used by Wenyon, Dobell, and AlexeiefF, and “parabasal 
body” (Janicki) as used by Kofoid. 

The non-committal term parabasal body was first employed by 
Janicki (1916) to designate an accessory structure in the kinetic 
complex of Lophomonas (Fig. 98, p. 212). Amfiogous structures 
have since been found in practically all of the parasitic flagellates 
thus far described, although not found in free-living types generally. 
It is present as a globular mass of deeply-staining substance close 
to the^lepharoplasts of types like Trypanosoma brucei, Bodo edax 
or Bodo lacertce (Fig. 38); as an elongate mass in most of the Cryp- 
tobia species (Fig. 47, C); as a long basal filament in Trichomonas 
aiigvsta (Fig. 72, p. 139) ; or ChilomasHx mesnili; as a spirally coiled 
mass in Devescomna striata (Fig. 47, F.), etc. It apparently differs 
in size and form in different phases of the same organism as in Bodo 
lacertcB where, in addition to the globular form, it may be rod-like 
or partly coiled or absent altogether. In ChiUmastix mesnili an 
homologous rod-like body, termed the parastyle, arises from a second 
blepharoplast (Kofoid and Swezy, 1920. Fig. 45). 

.The most extensive work on the parabasal body has been carried 
out by Kofoid and his followers who regard this structure not as a 
nucleus nor as a kinetic center, but as a “kinetic reservoir” or a 
reservoir of substances which are used by the animal in its kinetic 
activities under the conditions of its dense environmental medium. 
This substance, according to Kofoid, appears to form at the expense 
of the nuclear chromatin and increases or decreases— that is, the 
parabasal body becomes larger or smaller apparently in relation to 
metabolic demands. When the parabasal body is poor in chromatin 
the blepharoplast and nucleus may be rich and vice versa. “Our 
data are too incomplete to give a clear picture of the process, but 
as far as they go they suggest the origin of the parabasal at the 
expense of the chromatin of the nucleus, the movement of stain- 
able substance on the rhizoplast, either to or from the blepharopla.st 
at the base of the flagella, and the wax and wane of the parabasal” 
(Kofoid, .1916, p. 5). 

Kofoid’s interesting and suggestive interpretation of the nature of 
the parabasal is very well sustained by the morphological relations 
of blepharoplast, nucleus and parabasal body in widely divergent 
types of flagellates. Morphologically, a series representing a 
gradually increasing complexity is illustrated by (1) NdgUria 
grvberi, in which the blepharoplast arises by division of the. intra- 
nuclear kinetic center and remains connected with it by a centre- 
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desmose or, in this case, a (ginplasmic rhizoplast; (2) ScyUmumat 
suMlis in which the blepharoplast is not connected with the nucleus 
and gives rise only to the flagella; (3) Bodo edax, 6r species of Cryp- 



, Fig. 47. — Typ^ of parabasal body. ,A, Polymaalix; B, Trypanosoma cruzi; C, 
Cryptohia sp. D, Bodo lacertcs; E, ProwazeUa sp; F, Devescovina striata; O, Herpeto- 
monos muscordomestica, (b) Blepharoplast; (p) parabasal body; (n) nucleus; (x) 
axostyle. (ii, C, D, 6*, after Swesy; B, after Chagas; E and F, after Doflein.) 

tobia in which a large chromatoid mass, the parabasal body, b con- 
nected by rhizoplasts with the blepharoplast, or may be indepen- 
dent of it; (4) Bodo laeertcB in which basal b^ies arising from the 
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blepharoplast, blepharoplast, and parabasal body, are all indepen- 
dent; (5) Oiardia augmta, in which the independent blepharoplast, 
basal bodies, and parabasal body, are all double and arranged in 
perfect bilateral symmetry; (6) CaUmympha graadi (Fig. 49), in 
which nuclei, parabasal bodies, blepharoplasts and basal bodies are 



Fia. 48.— Relation of parabasal to nucleus. A, Crithidia euryophthalmi endosome 
of nucleus and parabasal connected by rhizoplast; B, origin of parabasal- from endo- 
some of nucleus; C and D, differentiation of parabasal and rhizoplasts; E, Trypano- 
soma cruzit and F, Crithidia leptocoridia for comparison. (After McCulloch.) 

multiple and in which axial threads (rhizoplasts) unite to form a 
.central axial supporting rod; (7) Triehonympha campanvla in which 
the blepharoplast (centroblepharoplast) acts as a centrosome in 
mitosis while long rhizoplasts connecting distal basal bodies with, 
the blepharoplast form a complex radial system of astral rays (Figs. 
47 to 61). 

7 
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In many cases the blepharoplast, which is the central element of 
the kinetic complex, remains connected with the nucleus by a rhizo* 
plast as a permanent record of the intranuclear origin of the entire 
complex (Fig. 47). In many cases the blepharoplast is double, 
as in most biflagellated forms (Fig. 46, A); in others it is triple, as 
in TrimastigamcAaphUippinensis or ChUomastix memUi (Fig. 45, B); 
in some it is quadruple, or contains four basal bodies as in Tricho- 
monas; in others it is multiple, forming a ring of blepharoplasts about 
a bundle of flagella as in Ijophomonas blattarum (Fig. 98, p. 212). 



Fia. 4^.—Calonympha arassii Foa. (From Doflein.) 


Finally in flagellates with multiple nuclei (family Calonymphidce), 
in addition to a number of free blepharoplasts and parabasal bodies, 
each nucleus is accompanied by a blepharoplast which gives rise 
to three uniform flagella and one longer, band-formed flagellum, by 
a parabasal body, and by a rhizopla.st (axial thread. Fig. 49). 

Many of these aggregations of kinetic elements are sufficiently 
complex to justify the term neuromotor system of Sharp and Kofoid 
and appear to form a coordinated whole as shown by the reaction 
after maceration when they retain their crmnections and remain 
together for some time after the supporting protoplasm has disap- 
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peared {Trichomonas, Kofoid). The term is certainly justified in 
connection with the remarkable kinetic structures of flagellates 
belonging to the family Trichonymphida?. In Trichonympha cavn- 
panvla, Kofoid and Swezy fl919) describe the system as composed 
of an external coating of cilia-like motile organs, three zones of flagella 
with their basal bodies, rhizoplasts connecting basal bodies with a 
great anteriorly placed blepharoplast, and more deeply-lying myo- 
neraes which apparently are not connected with the blepharoplast 
(Fig. 50). Kofoid and Swezy regard the central organoid as a kind 
of superblepharoplast, calling it the “centroblephlliroplast” since it 
has the attributes of a centrosome. When it divides the entire 



Fig. 50. — Trichonympha campanula Kof. and Swcz. (After Kofoid and Swezy.) 


aggregate of kinetic elements of the cortical zone divides with it, 
forming a mitotic figure with centrosomes, central spindle and astral 
rays (Fig. 51). The connecting fibrils of the centrosomes, unlike 
the centrodesmose in Metazoa, remain outside of the nucleus (as 
it does in many other flagellates) and is called the paradesmose by 
Kofoid to distinguish it from the centrodesmose or central spindle. 
Superficially, at least, this highly complicated type of mitotic figure 
resembles the division figure of Noctilnca miliaris in which the 
.kinetic elements are also extranuclear throughout the entire process. 
Here, however, there is no such development of powerful motile 
organoids and the division figure is relatively simple (Fig. 52). 

As specially modified parabasal bodies, finally, may be included 
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peculiar deeply-staining rod-like bodies (Staborgan) of Pei^anema 
tnchophora (Fig. 46, B), of Anisonema, Enlosiphon, and related 
genera, which behave like a parabasal in division and belong to the 
group of kinetic elements. 

From this review of the cytoplasmic kinetic elements in the flag- 
ellates it is apparent that in endobasal bodies, basal bodies, and 
parabasal bodies we have to do with structures closely connected 



Fig. 51. — Triehonympha campanula in division. and prophase and anaphase 

of nuclear division^ the divided centroblepharoplast forms the poles of the spindle 
and are connected by a paradesmose. C, and breaking up of chromosome spireme 
into chromosomes which show a tendency to unite in pairs. (After Kofoid and 
Swesy.) 


with the kinetic activities of the organism and closely related to 
each other. The chromatoid substance of which they are composed 
may or may not be chromatin, although the evidence adduced indi- 
cates that it arises from the nucleus and is similar to chromatin in. 
its staining reactions. It does not behave like chromatin during 
division of the cell, but like pyrenoids, or chromatophores, where 
each granule reproduces its like by division; nor does it afford any 
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evidence of constructive metabolic activities in the cell. For these 
reasons I believe, with Kofoid, that the term “paraba^ body” 
expresses the relationships and functional activities of the so-called 
“kinetonucleus” much better than does the latter term and should 
take its place in literature dealing with the Protozoa. 



D F 

Fio. 52 . — Noctiluca miliaria Sur. Origin of the spindle and division of the nucleus. 
A, Endosomes fragmenting; grouping of fragments into linear chromosomes; C, 
formation of the amphiaster and orientation of the chromosomes; D, section through 
one pole of anaphase stage showing centrioles and mantle fibers; E, nuclear furrow 
holding the amphiaster; F, anaphase stage. (After Calkins.) 


3. Other Cytoplasmio Kinetic Elemente.—A unique cytoplasmic 
kinetic element, apparently homologous with the centroblepharo- 
plast of certain flagellates, is found in some types of Heliozoa. The 
non-committal name central granule (Centralkom) was given to this 
structure by Grenacher, in 1869, who was the first to observe it. 
In some types it lies in the geometrical center of the cell (Acantho- 
cystia actdeata, Sphcerastrum fockei, Raphidiophrya pallida, etc.); 
in other types it is excentric {Dimorpha mwtana, WagnereUa borealia) 
or absent altogether (AcHnophrya ad, Actinoapharium eiehhomii. 
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Camptonema nvtana, etc.). In the ordinary vegetative activities 
of the cell, radiating fibers starting from the central grain extend 
through the protoplasm to the periphery, where they form the axial 
filaments of the pseudopodia (Fig. .5.3). In division stages of the 



Fio. 53. — Relation of axial filaments to nuclei. A and B, Camptonema nutans 
with nuclei partly eml^edded in the substance of the axial filaments; {x) axial fila- 
ment; C, section of Actinophrys sol with axial filaments arising from intranuclear 
granules in recently divided nuclei. (After Schaudinn.) 


cell, the central grain first divides forming an amphiaster consisting 
of centrosomes, centrodesmose and astral rays made up of the radi- 
ating fibrils (Fig. 60— sw also Trichonympha campanula). The cen- 
tral grain, however, takes no part in reproduction by budding. 


NUCLEI AND KINETIC ELEMENTS 103 

whereby amoeboid or flagellated buds are formed which contain a 
nucleus derived from the parent cell nucleus, but no central grain. 
This nucleus, however, contains ar\ endobasal body which divides 
and one of the daughter granules emerges from the nucleus as it does 
in Ndgleria grvberi (p. 86), but retains its centrodesmose for some 
time and ultimately forms the central grain of the adult organism 
(Schaudinn (1896), Zuelzer (1909), Amnthocystis aculeata, Wagner-- 
ella borealis, Fig. 60). Similarity with the centroblepharoplasit in 
flagellates is thus shown (1) by its origin from an intranuclear 
centriole; (2) by its relation to axial filaments whiyh are homologous 
with rhizoplasts; (3) by its history during mitosis. The analogy 
is further strengthened by its relation to the flagella and to the 
axiopodia which are simultaneously present in some of the Helio- 
flagellkla (Aciinomonas mirabilis, Kent, Ciliophrys marina, Caullery, 
and Dimorpha midans, Gruber). In Dimorpha mvtans, the central 
grain lies near one pole of the cell where it forms the basal body of 
the two flagella as well as the focal point for the axial filaments, here 
flagella and axial filaments appear to be homologous structures. 
According to Zuelzer the i)seudopodia of Wagnerella borealis are 
withdrawn at times owing to the contraction of the entire complex 
of radiating fibrils, and basal bodies lying at the bases of the axo- 
. podia become grouped in a zone of granules about the central grain. 
When the pseudopodia are again formed the granules migrate centri- 
fugally to the periphery and, as basal bodies, give rise to the axial 
filaments. 

In Heliozoa without a central grain the axial filaments in some 
cases center in the nucleus in which there are many distinct and 
definite granules of uniform size distributed about the outer zone, 
from each of which an axial filament appears to rise (Fig. 53, C). 
In Camptonema mdans the nuclei are multiple, and, according to 
Schaudinn, each one gives rise to a single pseudopodial element 
(Fig. 53, A), but in Actinospheerium eichhornii, which is also multi- 
nucleate, the axial filaments apparently have no connection with 
either nuclei or central kinetic elements. 

Apart from kinetic elements like centroblepharoplasts which, at 
the same time, are centers of mitotic activity of the nucleus and of 
kinetic activity of the motile organs, there are comparatively few 
examples of kinetic elements comparable with centrosomes of Meta- 
zoa. They are best represented in non-motile organisms such as 
Sporozoa, whereas in freely-moving types there is always some pecu- 
liar feature which makes the homology with centrosomes doubtful. 

The most frequently cited example of a centrosome in Protozoa 
was first described by Ilertwig in the case of Actinosphoerium eich- 
hamii (Fig. 64). Here, during the formation of the first matura- 
tion spindle minute granules of chromatoid substance are cast out 
of the nucleus and condensed into one or two minute centrioles from 



104 BIOLOGY OF THE PROTOZOA 

which fibrillar structures radiate into the cytoplasm and throughout 
the nucleus^ This structure, however, has no permanent relation 
to the cytoplasm or nucleus, but disappears after the first maturation 
iq>indle is formed while subsequent maturation spindles and spindles 
of division stages are characterized by pole plate formation (see 
p. 81). Much more typical centrosomes are found by Arndt (1924) 
in HartmanneUa (Pseu^hkmys) klitzkei (Fig. 41, p. 85) and in the 
Gregarinida, especially in the Monocystis typra where they have been 
described by lAgbr, Brasil, Mulsow, Doflein and others. In 
MonocysUs roatratf., for example, a single centrosome with marked 
astral radiations, lies outside the nuclear membrane (Fig. 63). 
An amphiaster is formed as in egg cells of Metazoa, and a complete 
mitotic figure results. Similar centrosomes occur in Urospora 
lagidia St. Gonospora tatia, lAget and Styhrhynekua ImgvsoUia, St. 

Transitory centrioles and centrospheres are present in NoctUvm 
miliaria Sur. In resting stages there is no evidence of the cen- 
trioles while the centrosphere disappears in the granular mass of 
endoplasm. In the early stages of cell division, however, the cen- 
trosphere condenses into a fairly homogeneous cytoplasmic mass of 
large size outside the nucleus. This divides into two daughter 
spheres connected by a fibrillar centrodesmose, while centrioles of 
unknown derivation appear in each sphere and are connected by 
mantle-fibers with the ends of the chromosomes (Fig. 52). 

The veiy peculiar Nebenkem of the rhizopod Param<e5a ^ilhardi 
as described by Schaudinn and the "nucleus secundus" of P. 
pigmentifera and P. chcetognathi as described by Janicki, are less 
easily homologized with centrosomes. They have nothing to do 
with the nucleus , during division nor with motile organs, but, as 
Dofiein hints, may be interpreted as parasites from their appearance 
in Janicki’s figures. 

In general we do not find the same types of kinetic elements in 
Infusoria that are found in other forms of Protozoa. Blepharo- 
plasts, parabasal bodies and centrosomes are still imknown in . 
ciliates, although certain peculiar kinetic elements are present here 
which may turn out to be homologous with one or more of these 
structures. Endobasal bodies, however, are known in micronuclei 
of a few types (e. g., Urdeptua mobUia, OxytrichafaUax, and in some 
macronuclei (e. g., Chilodon cucvUtu, Fig. 34, p. 77). On the other 
hand, certain special types of qrtoplasmic kinetic elements such as 
myonemes, motorium, and cbnductile fibers, are characteristic of 
the ciliates some of which become -highly complicated coordinated 
neuromotor elements. 

The most widely distributed of the kinetic elements are the basal 
granules of the cUia, whidi are situated in the contractile zone of 
the cortex (see p. 144). The exact nature of these extremely minute 
bodies is unknown and their origin or renewal is purely hypothetical. 
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Collin (1909) and Entz (1909) record some observations which 
suggest their derivation from nuclei (Entz) or at least some connec- 
tion with them (Collin). A single basal body gives rise to a single 
cilium (Fig. 54) but groups of ^em are found at the bases of the 
more complicated membranes, membranelles and cirri the number 
varying with the species. Thus Maier describes 2 in the mem- 
branelles of Nyctotherua cordiformis and many of them arranged in 
a row in the membranelle of Stervtor niger; in undulating mem- 
branes of the vorticellids Maier and Schroder describe 8 rows of 
basal granules while in the “paroral” and “endoral” membranes 
of Glaucoma scinttUans there are 5 and 10 rows of basal granules 



Fig. 64.— Cilia and myonemes of Infusoria, o, Membrane and periplast of Sten^ 
tor camdefoa; h, c, and e, rows of cilia of same; dy myoneme of same; /, optical section 
of membrane and myonemes of same, and g, optical section of cortex of Holophrya 
discolor, (a, &, s, after Johnson; c, d, /, and after Btltschli.) 


respectively (Maier). In the cirri of StyhnycUa histrio which are 
circular in cross-section, according to Maier, there is a discoidal 
plate of basal bodies. Alverdes (1922) found that an isolated cilium 
will beat if the basal body is attached, not otherwise. 

Myonemes — One of the most striking characteristics of certain 
types of ciliates is their power of contraction. A fully-expanded 
Spirostomum ambiguum may be 2 mm. in length but, on irritation, 
it suddenly contracts to one-quarter that size, or a Trachehcerca 
phanicopterua contracts to one-twelfth its original length (Lebedew) ; 
a FoUi^ina ampulla with its great peristomial lobes widely out- 
spread quickly folds itself completely into its comparatively narrow 
tube '(Figs. 84, 165), or an entire colony of widely distended indi- 
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viduals of Zo&hamnium arlniscvla contracts instantly into a minute 
ball. These varied movements which are quite independent of 
movements of translation or rotation, are due to the contraction 
of specialized muscle-like fibrils, the .myonemes. These are long. 



Fig. bb.—Kpisiylis plicalilia: longitudinal section showing myonemes (AfF) from 
membranelles to base of cell. (After Schroder.) 

delicate, contractile threads, circular or band-like in cross-section 
situated in the cortical zone and running throughout the entire 
length of the body either straight (SterUor) or spirally {Spiro- 
stomum). In some cases a second set of myonemes run transversely 
about the body as in the peristomial regions of Campamlla umbeUaria 
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or various species of Stentor. The myonemes of Stentor ccenileus 
or Prorodon teres lie in characteristic canals, which appear hyaline 
in contrast with the granular adjacent “ribs” of the ectoplasm. 
Their finer structure has been made out in only a few types, in 
Stentor coeruleus perhaps better than in any other. Here Schroder 
describes a typical cross-striping due to alternate rows of light and 
dark substance (Fig. 54 d.) 

In the majority of cases the contractile effect of the activity of 
myonemes is possible only by their intimate connection with the 



Fig. 66 . — Climacostomum sp. To show nourophancs (NE.) and myophanes (MY), 

(Original.) 

firm membranous cortex which encloses the entire animal, a con- 
nection which makes it possible for a coordinated contraction of the 
whole animal at once. A retraction of special regions of the organ- 
ism involves the attachment of one end of the contractile element 
to some relatively fixed structure, as muscles in vertebrates are 
attached to the endoskeleton (Fig. 55). In many cases the general 
cortex serves this piupose as in the sphincter-like myonemes of the 
Vorticellidtt (Schroder), or the retractile elements of the “seizing 
organ” or “tongue” of Didinium nasutum (Fig. 89, p. 180), or the 
closing apparatus of the operculum-bearmg types of ciliates. In 
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some cases, however, especially in parasitic ciliates like Ophryoseolex 
or Diplodimum ecavdatum, there is a specialized differentiation of 
the “cuticle” discovered by Gunther and well described by Sharp. 
These peculiar differentiations function according to the latter 
observer, as endoskeletal structures for the attachment of conspic- 
uous band-form myonemes, which serve as retractor strands for 
drawing into the body a characteristic gullet and adjacent organ- 
oids (Fig. 2, p. 20). These skeletal elements are formed from the 
ectoplasm and are hardened, according to Eberlein, by a deposit 
of silidc add which, as Sharp implies, may be the explanation of 
their rigid but brittle nature. 

Myonemes or analogous organoids are not confined to the ciliates 
but may be found in some types of Gregarinida and in one group 
of the ^diolaria. The so-called myonemes of the Trypanosoma- 
tidse, however, are very doubtful kinetic elements but, more prob- 
ably, are analogous to the cuticular markings which are frequently 
found on the periplast of flagellates. In some of the gregarines, 
myonemes form a thick layer of extremely fine fibrils in the contrac- 
tile zone of the ectoplasm, running circularly, or possibly spirally, 
about the cell, their contractions giving rise to the peristaltic mover 
ment so characteristic of thesq forms. 

' Myophrisks of the Radiolaria are contractile strands which are 
fastened by their distal ends to the extremities of the axial bars of 
the Acantharia. The proximal ends fray out into fibrils which are 
lost in the reticulum of the gelatinous mantle or calymma, of the 
ectoplasm. By their contractions the calymma is drawn up to the 
ends of the axial bars whereby the diameter of the organism is in- 
creased and its specific gravity decreased, the reverse occurring 
with their relaxation. The myonemes thus seem to play a part in 
the hydrostatic activities of these Radiolaria although this func- 
tion is difficult to understand since the change in specific gravity 
is usually interpreted as a means by which these motionless forms 
escape from advei^ conditions on the surface. We should expect, 
however, that rough water or other surface conditions deterimental 
to the orga nisms , would be sources of stimulation which should cause 
the contractile elements to contract and thus to defeat their appai> 
ent purpose by decreasing the specific gravity. 

CoSrdinating Fibers — If a single cilium of a resting Pleuronema 
be touched the entire organism responds. Here and in similar cases 
there appears to be a definite tactile function. In flagellates also 
it is not improbable that certain fiUgella, as the anterior flagella of 
Caduceia ^obroma described by Fran 9 a (1918), or indeed possibly 
all flagella have a more or less well-developed sensory function. 
Id ciliates, such as Paramecium cavdatum, with a uniform coating 
of cilia, the motile elements do not all beat simultaneously, but a 
wave of contraction, beg^nihg at the anterior end, passes down the 
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cell to the posterior .end. Cilia in the same transverse row beat 
synchronously, but each cilium in a longitudinal row begins its' 
beat shortly after the cilium anterior to it has started and before it 
has ended its beat (Verwom). The cilia of transverse rows are thus 
synchronous, those of longitudinal rows metachronous in their con- 
tractions, a phenomenon which accounts for the wave-like movement 
of undulating membranes which are formed of fused cilia of longi- 
tudinal rows (well shown in the undulating membranes of the 
Vorticellidse). According to Alverdes (1922) isolated cilia with 
basal body may act independently of a coordinating system but 
they do not react to stimuli. 

This regularity of cilia movement which may be easily seen in 
the uniform ciliary coating of Nyctotherus ovalis from the cockroach, 
indicates the transmission of impulses and the activity of some coor- 
dinating mechanism in the cell. Entz, Maier, Schuberg and many 
other observers, have found distinct fibers connecting the basal 
bodies of Frotozoon cilia and have generally interpreted them as 
myonemes. Since forms like Nyctotherus, Frontonia, Paramecium, 
etc., which do not contract, show the sapie rhythmical action of the 
cilia, it is probable that the threads connecting their basal bodies are 
not myonemes but coordinating fibrils (Fig. 57). It is conceivable, 
moreover, that myonemes in a generalized condition may be both 
coordinating and contractile in function. In some cases, however, 
two distinct sets of fibrils have been observed, one of which is 
interpreted as contractile, the other as conductile. Thus Neres- 
heimer described “myophanes” and “neurophanes” in Stentor 
caeruleus, and ClimacoaUmum rirens, the former extending the entire 
length of the body, the latter only from the base to the’ center (Fig. 
56). On a priori groimds, it would seem that, as Ypcom points out, 
Neresheimer made an unfortunate application of his two terms, 
his neurophane fibers, for example, to which he ascribes a trans- 
mitting function, being situated in the least advantageous position 
for the functions of irritability or conductility, Jennings having 
shown that the first and most strongly marked reactions to certain 
stimuli in ciliates appears in the anterior region, a result confirmed 
by Alverdes (1922). 

The more recent observations of Sharp, Yocom, and Taiylor, all 
from Kofoid’s laboratory, afford more striking evidence of specific 
conducting or coordinating fibrils in ciliates. In connection with 
Diplodinium ecaudatum. Sharp described, for the first time in the 
literature, a system of connected fibrils emanating from a common 
mass of differentiated protoplasm, which he called a “motorium,” 
the whole system being termed the “neuromotor apparatus.” 
The motorium is situated in the ectoplasm of the anterior end of 
the organism between the two zones, (adoral and dorsal) of mem- 
branelles (Fig. 2, p. 20, and Fig. 57). fVom it as a center a number of 




Fig. 57. — Micro-disscction of Euplotea patella. Individual with lateral cut; 
showing distribution of the cellular structures: B, neuromotor apparatus isolated; C, 
an anal cirrus with accompanying structures; an isolated membranella; F, the 
five anal cirri; (a.c.) anal cirri fibers; (a.p.) basal plates of the anal cirri; (h.g.) basal 
granules; (c) cirrus; ectoplasmic granules; (f.p.) fiber plate; (m./.) membranelle 
fiber; (m) motorium; (p.f.) membranelle places. (After Taylor.) 
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fibers pass to different regions of contractile activity. These fibers 
are named and interpreted by Sharp as: (1) A circumoesophageal 
ring strand (c. r. s.) running to a definite ring of substance similar 
to that of the motorium encircling the gullet (oes. ring), from which 
other fibers (ops. f.) apparently take their origin and run poste- 
riorly along the retractile gullet; (2) a dorsal motor strand (d. m.) 
running to the bases of the adoral membranelles; (3) opercular fibers 
(op. f.) or a group of fibers running to the operculum (Fig. 2). 

The delicacy of structure and the position of this amazingly com- 
plex aggregate are suflicient evidence to disprovd*any hypothesis of 
a supporting function . Self-perpetuation of the elements by division 
indicates no relationship to supporting structures such as trichites 
(oral basket) in the mouth regions of forms belonging to the family 
Chlamydodontidae. Their position in the cell and the attachments 
of the several fibrils are arguments against their interpretation as 
myonemes. 

McDonald (1922) has recently describe<l a somewhat similar 
neuromotor system in Balantidivm cnli and li. suis. Here an ante- 
rior motorium gives rise to (1) a ring-form fibril which passes around 
the adoral cilia region and (2) a similar ring fibril passing around 
the gullet. Other elements of the system consist of basal granules 
of the cilia, from which rhizoplasts pass inward to the central region 
of the cell. At the point where each rhizoplast enters the endoplasm 
is a granular thickening from which a radial fibril passes toward 
the periphery where it ends blindly. 

Evidence in favor of a conductile function of such a neuromotor 
system is furnished by the observations of Yocom (1918) and the 
micro-dissection experiments of Taylor (1920) on Knylotea liotella. 
In Euplotidse, apart from the motile organs, contractility is un- 
known, nevertheless the literature contains many references to 
myonemes in the several species. Distinct fibrils in these hypo- 
trichs which Engclmann reganled as nerve-like in function, have 
been interpreted in the main as supporting or contracting elements 
(Maupas, Biitschli, Schuberg, Maier, etc.). Prowazek worketl them 
out in some detail in the case of Euplotea liarpa and Griffin (1910) 
in the case of E. worceateri, both observers regarding them as con- 
tractile in function. Yocom has studied them more recently in 
Euplotea patella and a complex system, comparable with that of 
Diplodinium ecaudatum is described. A definitely staining bilobed 
mass of differentiated protoplasm which Yocom identifies as a 
motorium is situated in the ectoplasm near the right anterior angle 
of the triangular peristome (Fig. 57, m). 

From one lobe of this mass a set of five prominent longitudinal 
fibrils which seem to emerge as a single .strand, run to the bases of 
the five anal cirri near the posterior end (o. c.) ; from the other lobe 
a single fibril passes along the inner margin of the anterior lip and 
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down the left side of the peristome closely following the bases of the 
frontal and peristomial membranelles. In the anterior lip it gives 
rise to a simple network of branching fibrils (Yocom). l%e other 
cirri of the ventral surface are not thus connected with the motorium, 
and each appears to have an entirely independent ^t of fibers which 
run into the endoplasm and disappear in different directions. 

Yocom attempted, rather unsuccessfully, to homologize the 
motorium with the blepharoplast of fiagellates; until further obser- 
vations are forthcoming in regard to the activities of this structure 
at different periods of cell life, it seems more expedient to regard the 
motorium as a structure peculiar to the ciliates than to add it to 
the already over-burdened conception of the blepharoplast. 

The only direct evidence of the physiological nature of the neuro- 
motor complex is furnished by Taylor’s micro-dissection experi- 
ments with the same organism, Euphtea patella. Cutting the fibers 
connecting the anal cirri with the motorium had a noticeable effect 
on the normal reactions of creeping, swimming and turning, while 
severing the membranelle fiber led to characteristic irregularities 
in the usually coordinated activities of the membranelles and to 
abnormal spiral revolutions while swimming. Destruction of the 
motorium foally resulted in uncoordinated movements of the mem- 
branelles and of the anal cirri. This evidence, excellent as it is, 
rests upon an exceedingly delicate technic and upon the personal 
interpretation or estimation of minute differences between normal 
and induced reactions. It is a line of work, however, which invites 
further research and promises fruitful results. 

4. NUCLEAR DIVISION AND THE PROBLEM OF CHROMO- 
SOMES. 

The aggregate of substances which have been described in the 
preceding pages make up living protoplasm. Each type of sub- 
stance receives from the food supply, either directly or indirectly, 
materials for the up-building of its own type, the sum total of sucb 
processes constituting growth. Each type of. substance, and each 
granule, grows to its limit of size and then divides, reproducing its 
like, a phenomenon whidi finds its visible expression in the division 
of pyrenoids, mitochrondria, basal bodies, blepharoplasts, parabasal 
bo^es, nuclei, and finally the cell itself. Reproduction of the cell 
of a protozoon thus involves reproduction of all its parts. 

The nucleus is the most complex of the formed organoids of the 
cell and its reproduction involves growth and division of its different 
elements, lliese may be more or less independent in their division, 
or they may be united in various simple or complex combinations 
during the division processes. Or the nuclear elements may be 
combined with extranuclear, cytoplasmic elements to form a c^r- 
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acteristic division figure representing the most highly perfected 
mechanism for the equal distribution of the more important cell 
elements which are thus perpetuated from generation to generation 
by equal division. Such a perfected mechanism, termed a karj'o- 
kinetic or mitotic figure, is characteristic of nuclear division in cells 
of the Metazoa and of higher plants, the combination of processes 
whereby the constituent parts are equally distributed to daughter 
cells being known as indirect division, karyoUnesis, or mitosis. 
Such processes involve division of centrioles and centrosomes, forma- 
tion of a fibrillar spindle figure, dissolution of the nuclear membrane, 
aggregation of chromomeres into compact chromosomes which are 
identical in size, shape and number in corresponding cells of all 
individuals of the same species, and the longitudinal division of each 
chromosome in all somatic cells, separation.of the daughter chromo- 
somes and reconstruction of the daughter nuclei. In all Metazoa 
the processes of mitosis differ only in minor details and mitosis is 
the characteristic type of nuclear division, although direct division, 
. whereby the nucleus divides without the formality of centrosomes 
and spindle or chromosome formation is known in a few cases. 

In Protozoa, on the other hand, there is no one type of nuclear 
division common to all forms. Here we find gradation, in the asso- 
ciation of constituent nuclear and cytoplasmic kinetic elements 
during division resulting in an enormous variety of division types. 
These vary in complexity from a simple dividing granule to mitotic 
figures as elaborate as in the tissue cells of higher animals and plants. 
Some observers see in these diverse types a possible evolution of the 
mitotic figure of Metazoa and use them as one would use the sep- 
arate pieces of a picture puzzle to reconstruct its past history in 
development. Terms like “promitosis” (Naegler), "mesomitosis” 
(Chatton) and “metamitosis” (Chatton) may serve a useful purpose 
to indicate general types of the association of nuclear and cyto- 
plasmic elements during division, but when an effort is made to give 
a specific name to each step in an increasingly complex series the 
result is a confusion of terms which defeats the useful purpose 
intended. Thus Alexeieff proposes a large number of specific 
names, not ail his own, it is true, for protozoon division types which 
he regards*as sufficiently definite to permit of recognition.* 

Because of the multitude of diverse types of division figures in the 
Protozoa the difficulty of treating them in any general way has been 
admitted by all students of cytology as well as by protozoologists. 
I shall endeavor here to convey an idea of this diversity and at the 
same time to describe some of the more frequent types of division 
figure without confusing the issue still more by my own views as to 

* These terms indudo Promitosis, Proteromitosis, Haplomitosis, Cryptohap- 
lomitosis, Eury pan mitosis, Cyclomitosis- or Polymitosis, Polyrheomitosis, 
Metamitosis, etc. . 
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their possible relations to one another or to any process of evolution. 
The apparent object of the complex mechanism of a mitotic figure 
is to ensure the exact bipartition of the hereditary complex repre- 
sented by the chromosomes. These elements, and the chromatin of 
which they are composed, are the most important, while the kinetic 
elements with which they are associated in division, as agents in the 
process, are of secondary importance. I shall consider first, there- 
fore the chromatin of protozoan nuclei and its history during nuclear 
division. 

(a) Cbramatin cand Chromosomes.— The conception of chromo- 
somes, as they appear in Metazoa, is definite and consistent through- 
out. They are formed at certain periods of cell activity (prophase 
of division) by the aggregation of chromomeres into nuclear Iwdies 
of definite form and size, and the number is constant for all somatic 
and germ cells in the same species. Each chromosome is specific 
and . retains its individuality from generation to generation by 
cell division. At the end of division it resolves itself into an aggre- 
gate of chromomeres which, in some cases, arc found to be confined 
to a definite part of the nucleus (chromosomal vesicle) at the pro- 
phase of the following division these same chromomeres re-collect 
to form the chromosome which divides into eciual parts by longi- 
tudinal division. The chromosomes, furthermore, are qualita- 
tively different, no two of them being identical. At one meiotic 
division, finally, the number of chromosomes is reduced to one-half 
by the .separation of half of them from the other half, thus resulting 
in two types of nuclei which are entirely different in chromosomal 
make-up. 

An analysis of the literature dealing with the so-called chromo- 
somes of Protozoa shows that there has been little or no consistent 
use of the term. To many observers the word is used to describe 
any chromatin which happens to be in the center of a division figure 
and without regard to other conditions w'hich limit and define 
the chromosome as a definite thing, viz.: A definite number in the 
cell, longitudinal division, qualitative differences, reduction in 
numljer at maturation, etc. It is true that in only a few cases among 
the Metazoa has it been demonstrated that chromosomes have a 
specific individuality combined with qualitative differences, but 
the striking similarity in dividing chromosomes of all Metazoa and 
the same complicated mechanism in all cases for their equal di.stri- 
bution to daughter cells, give a basis upon which the generalization 
rests. We have no basis, however, for extending the generaliza- 
tion to Protozoa, for here we have absolutely no evidence of quali- 
tative differences and no evidence of individuality. In some cases 
we have evidence that structures in the center of a division figure 
are formed by the fusion of chromomeres, and some evidence that 
such structures divide longitudinally. These.two conditions, which 



NUCLEI AND KINETIC ELEMENTS 


115 


are relatively rare, are the only conditions whereby many of the 
so-called chromosomes of Protozoa resemble those of Metazoa, and 
if we use the term chromosome at all it should be in a definite, 
limited, morphological sense and only for those nuclear structures 
of Protozoa which conform in origin and in fate to chromosomes of 
Metazoa. I shall use the term chromosome, therefore, only for 
those compact intranuclear aggregates of chromomeres which divide 
as unit structures and which are resolved into chromomeres after 
such division. 

A brief review of some of the frequently recurring types of chro- 
matin structure at the time of nuclear division will show how diffi- 
cult it is to speak with assurance of chromosomes in Protozoa. The 
series is not to be construed as an effort to establish a phylogenetic 
chain of stages culminating in well-defined clu'omosomes, nor as a 
means of pointing out that one is a “higher” type than another. 
Certain vital functions are undoubtedly associated with the nucleus 
and with the chromatin of the nucleus, and the fact that some types 
of organisms with peculiar nuclei continue to live and reproduce is 
evidence enough that such nuclei are adequate for their needs. 
The variations in type arise through the association of chromatin 
with other nuclear or cytoplasmic constituents, and this involves 
more or less formality in preparation for its perpetuation by exact 
bipartition to daughter cells. All traces of chromosome formality, 
however, as well as reduction processes, appear to be absent in 
gamete nuclei formed by rhizopod chromidia. 

One group of types is represented by massive nuclei as found in 
the macronuclei of the Infusoria. Here the resting nuclei are made 
up of closely packed granules or chromomeres and there is no 
formality nor mechanism associated with their division during 
reproduction. h)ach granule elongates and divides into two parts, 
thus doubling the number of chromomeres. The mass thus formed 
is passively distributed to the daughter cells by division of the 
nucleus through the center. It is a quantitative distribution, for 
the daughter nuclei do not contain representative halves of the 
individual chromomeres and the inference is that all of the chromo- 
meres are qualitatively identical. To this type also I would assign 
the peculiar chromatin granules of DUeptus anser which are distrib- 
uted throughout the protoplasm unconfined by a nuclear membrane. 
Each granule divides where it happens to be and with the majority 
of granules both halves remain in one daughter cell after division 
(Fig. 58). 

In another group of types we have to do with vesicular, endosome- 
containing nuclei. The endosomc may or may not contain an endo- 
basal body. It is well represented by the nucleus of Spongomonas 
splendida according to the observations of Hartmann and Chagas 
(Fig. 59). Here, according to the description, the mass of chromatin 
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of the resting nucleus divides into two equal masses without frag- 
mentation at any stage. Similar conditions are shown by the greg- 
arine Gonoapora varia according to Brasil (1905), by Amoeba dip^ 
Undea accor^g to Hartmann and Naegler (1908) and by the simpler 
amoebee (Fig. 61). 



Fia. 68.— Division of DUepliu anter. The elongated cl^matin granules (O divide 
where they happen to lie. (Original.) 



Fig. 60.— Nuclear division and' budding in Heliozoa. A, 'Vegetative cell of Sphar- 
aatrum with axial filaments focussed in a central granule (centroblepharoplast) ; 
Bt Ct Dt division of central granule and spindle formation in Acanthoqjstic aculeaia, 
E, Ft formation of buds of same; (?, exit of central granule from the nucleus of young 
cells. (After Schaudinn.) 
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In another group of types the chromatin of the resting vesicular 
nucleus is contained also in a definite endosome, but, in preparation 
for division, the endosome fragments into minute chromomeres, 
which may be strung out in lines through the nucleus, these strings 
being divided transversely at division. Or the chromomeres may 
be aggregated in a fairly homogeneous transverse plate in the 
center of the dividing nucleus. The former condition is illustrated 



Fio. 61. — Successive stages in the nuclear division of a simple Amatha, (After 
Wasielewsky and KUhn.) 


by the nucleus during vegetative division of Aciinospharium ekh- 
homii according to Hertwig, the latter condition by Acanthocystis 
aculeata (Fig. 60), Paramaba choetognathi, or the myxomycete 
Comatricha obtusata according to Lister. 

A slight modification of this type is shown by nuclei containing 
multiple endosomes as in PeUmyxa binucleaia whidi fragment at 
periods of division, giving rise to a granular nuclear plate (?) which 
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presumably divides to form the daughter plates as shown in 
Schaudinn’s well-known figure, or to division figures like that of 
Centropyxis amleata. 

Another widely distributed type of division figure is derived from 
vesicular nuclei in which the chromatin is not contained in one or 
more endosomes but is distributed peripherally about the nucleus 
where it usually forms a distinct chromatin reticulum. Such nuclei 
usually contain an endosome which may be the most conspicuous 
structure of the nucleus. In Arrmba crystalligera the peripheral 
chromatin appears to be passively divided withoift any appreciable 
change in its make-up. In Awceha vespertilio the peripheral chro- 




Fio. 62. — Nuclear division in Collodiclyum tridliaJlum, (After Belar.) 


matin is similarly divided and distributed but the endosome appar- 
ently contains some chromatin in addition for a complete division 
figure is formed from its substances, chromatin-like granules forming 
a nuclear plate (Fig. 39, p, 82). In other cases, as for example 
EndamcBba intestinalis and E, cobayoe, the peripheral chromatin is 
broken up into chromomeres, which collect in the center of a 
spindle from the linin of the nucleus and with centrioles at the poles 
(Fig. 20, p. 63). 

In still another general type, derived also from vesicular nuclei, 
the chromatin in the form of chromomeres is suspended in a loose 
reticulum. In Opalina they appear to be aggregated in a few larger 
granules, which divide where they happen to be without further 
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formality, the nucleus meantime assuming an indefinite division 
figure. More frequently, however, the chromomeres are suspended 
between an endosome and the nuclear membrane, as in TkyUuso- 
ntonaa ampresaa, Evireptia viridis, Eimeria schuhergi, Oxyrrhis 
marina, or various species of Trypanosoma. In some of these, at . 
division the chromomeres appear to form a nuclear plate, and 
are distributed in equal groups to the daughter nuclei (Fig. 62). 
In EugUfia ntidis, which usually is placed in this group, the chromo- 
meres according to Tschenzoff (1916) are derived from a chromatin 
reticulum and piss through a skein stage before forming a broad 
nuclear plate in which each is longitudinally divided. In Oxyrrhis 
marina the chromomeres unite to form linear aggregates which 
divide longitudinally (Hall, 1925). (Fig. 43, p. 88). 

In a final group of types of nuclear division figures either from 
massive or vesicular nuclei, the chromomeres are derived from the 
fragmentation of endosomes or from a chromatin reticulum. The 
common feature in this large group is the fact that these chromomeres 
unite secondarily to form definite chromatin bodies which satisfy, 
in part at least, the definition of chromosome as given above. 
These chromosomes are divided equally, one-half going to each 
pole of the division figure. In some cases it is obvious .that their 
division is longitudinal, but in the majority of cases it cannot be 
ascertained wi^ assurance whether their division is longitudinal, 
or transverse. Nuclear figures of this genial type may be divided 
into two groups, in one of which the chromosomes are too numerous 
to permit of decision as to their constant number, and the second 
comprising forms in which the chromosomes are constant in number 
and in some of which this number is reduced to one-half at meiosis. 
In the first of these groups we would include types like Euglypha 
alveolata, the various species of Paramecium, Noctiluca mUiaris and 
Oxyrrhis marina. In the second group we would place such forms 
as AcHnophrys sol, Aggregata eberthi, Trichomonas and allied 
flagellates, Triehonympha and related forms, and the majority of 
ciliates in which the ipaturation processes are known. 

In Euglypha alveolata the chromatin of the vesicular nucleus is 
distributed throughout the resting nucleus. During the early 
division stages the chromomeres are rearranged in rods or fibrils 
which form a more or less definite skein within the nucleus; this 
skein fragments into a large number of chromosomes which are 
longitudinally divided according to Schewiakoff. A more aberrant 
history is followed by the chromatin of the nuclei of various species 
of Paramecium. In Paramecium caudaium the micronudeus belongs . 
to the massive type, and there is no satisfactory account of the 
origin of chromosomes in vegetative division. The micronudeus 
becomes much larger, however, in preparation for the first matura- 
tion division, when, according to Calkins and Cull (1907), the com- 
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‘ pact mass of chromatin spins out into an elongated reticulum from 
which about 150 double chromosomes are formed by transverse 
segmentation. These are divided longitudinally during the transU 
tion from the characteristic “crescent” to the full spindle figure 
. (Fig. 206^ p. 496). Dehome (1920) on the other hand maintains 
that only one long, convoluted skein of chromatin is formed and 
divided as such, therefore no chromosomes at all are in Paramecium. 

The division figure of Noctiluca miliaris is quite different from 
the others of this group. The chromatin, according to observations 
of Ischikawa and of Calkins (1895), is contained in a number of 
large endosomes (chromatin reservoirs), each of which breaks up 
into a mass of chromomeres. These collect in chromosome strings, 
(“chromospires”) which are oriented toward one pole of the nucleus 
and are far too numerous to count. Afterdivisionof thecentrosphere, 
the nucleus elongates and bends around the connecting centrodes- 
mose in such a manner that the chromosomes form an incomplete 
annular nuclear plate between which and the centrodesmose, the 
nuclear membrane is absorbed. Mantle fibers, attached to the ends 
of the chromosomes, focus in a centriole in each daughter sphere, and 
with the separation of the daughter centers, each chromosome is ' 
longitudinally divided (Fig. 52, p. 101). 

A more definite Metazoon type of chromosome formation is 
shown by the organisms comprising the second group above. Here 
the number of cWmosomes is usually smaller and their individual 
history during nuclear division is less difficult to make out. A good 
example, typical of the plymastigote flagellates, is Trichonympha 
campaneUa, as described by Kofoid and Swezy. Here the resting 
nucleus contains a large granular endosome. In the prophase of 
division the granules of this endosome give off chromatin along 
the walls of the linin reticulum until a definite skein stage results 
(Fig. 51, p. 100). Double chromosomes, 26 in number, and formed . 
by the splitting of the spireme segments, make up a definite nuclear 
plate. They are attached by intranuclear fibers to the daughter 
blepharoplasts and are divided longitudinally with the division 
of the nucleus. The original connecting fibrils between the sep- 
arating halves of the blepharoplast (“centroblepharoplast”) remain 
at all times outside the nuclear membrane, hence it is called a 
paradesmose by Kofoid and Swezy (see NootUued). One of the 
chromosomes appears to be different from the others, both in 
resting and division stages, and is called the heterochromosome, 
although its function or significance is quite unknown. Similar 
odd diromosomes are known in some Gregarinidse and Coccidiida 
where the vegetative stages are haploid, as well as in other poly- 
mastigote flagellates. Except for the complications brought in 
by the extensive neuromotor apparatus of Trichonympha cam- 
paneUa, the division figures of other, related, flagellates are quite 
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similar, although the number of chromosomes is usually smaller. 
Thus Kofoid and his collaborators found about 24 in Leidyopsia 
apheerim, .12 in Trichomiivs termitidis, and 4 in Giardia mum 
(Fig. 140, p. 293). 



£ 



Fig. €}S.—Monocy8ti8 rosirata chromosome reduction. A, Formation of spindle 
in pseudo-conjugant; F, C, nuclear plates of progamous divisions, 8 chromosomes; 
Z), anaphase of same; anaphase of last progamous division, the number of chromo- 
somes is here reduced from 8 to 4. (After Mulsow.) 

A small number of chromosomes is likewise found in a number 
of the Gregarinida, and their history in division approaches that of 
metazoan chromosomes. Thus in the case of Monocyatis roatrata 
Mulsow describes 8 definite chromosomes formed from a portion of 
the nuclear chromatin, the number being reduced to 4 in the gamete- 
forming divisions (Fig. 63) . Shellack and L^ger, also, have described 
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similar chromosomes in. MomcysHa ovata and in Siylorhynchus 
ImgicoUis. In the latter case, also, there is a peculiar lagging hetero- 
chromosome (“axial chromosome”) of unknown significance. 

Finally, in the maturation divisions of many ciliates, a small 
number of chromosomes, and the reduction to half the normal 
number, have been described by several different observers. Two 
fairly definite types of chromosome formation occur, according as 
the resting nucleus is vesicular or massive in structure. The 
majority of massive micronuclei behave more or less like the micro- 
nucleus of Patanieeium catulatum,. forming a trescent or some 
other equally characteristic figure during the prophase of nuclear 
division. Thus in Chihdon uneirmtus according to Maupas and 
later Enriques, the chromatin is drawn out first in the form of an 
elongate cross-shaped band, while in Voriicella monilata and in 
V. nebulifera, according to Maupas, and in Opercvlaria coarctata, 
according to Enriques, a similar chromatin rod extends the entire 
length of the cell. The characteristic type of nuclear figure formed 
by the resting vesicular nuclei is represented by Onyckodrmivs 
grandis (Maupas), Buraaria truncateUa (Prowazek), DvUnium 
nastUum (Prandtl), Anophphrya branchiarum ((’ollin), A. circulana 
(Brumpt, 1913), and Urohptm mobilia (Calkins). In all of these 
cases the two poles of the spindle are not formed simultaneously. 
The chromatin granules into which the compact chromatin mass 
fragments are retained at one end of the micronucleus, where they 
form the chromosomes. The first pole of the later spindle is 
formed by the migration (in Uroleptua mobilia) of a centriole from 
this aggregate of chromomeres to the opposite pole of the nucleus 
(Fig. 36, p. 78). After the duromosomes are established the 
second pole is formed by the migration of the remaining centriole 
to the opposite part of the nucleus. The chromosomes in all cases 
are compact, granular aggregates of chromomeres, and, being 
spheroidal, afford no evidence of either longitudinal or transverse 
division. Their number, in many cases, is sufliciently small to 
permit of exact coimting; 20 (?) in Ophrydium veraatile (Kaltenbach) ; 
16 in Carcheaiumpolypinum (Popoff), Chilrxlvn uncinatua (Enriques), 
Didinium naauhim (Prandtl) and Opercvlaria coarctata (Enriques) ; 
12 (?) in Buraaria truncateUa (Prowazek); 8 in Uroleptua mobilia 
(Calkins); 6 in Arwphphrya branchiarum (Collin) and in Stylonychia 
puatulata Prowazek); and 4 in Boveria aubcylindrica (Stevens). 
In the majority of cases where reduction in number to one-half 
has been made out, viz.: in Carcheaium, Chilodon, Didiniuvi, 
Opercvlaria, Uroleptua, and in Anoplophrya, the reduction in number 
of chromosomes occurs with the second meiotic division. Between 
the two maturation divisions the micronuclei rarely return to the 
massive structure characteristic of the resting micronuclei. The 
phenomenon of S5mapsi3 or pseudo-synapsis is represented in a large 
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number of Protozoa by somewhat peculiar relations of the chromo- 
somes during both vegetative and maturation divisions of the 
nucleus. It results in the formation of double chromosomes which 
appear to be longitudinally split. Thus in Uroleptus mobUis the 
8 chromosomes of the first maturation division unite in 4 pairs which 
are split at the second maturation division, the resulting nuclei 
having 4 single chromosomes (Fig. 218, p. 525). Here is undoubted 




Fio. Q4.~~Actino8ph(Brium eichhomii origin of centrosome from nucleus. 
(After Hertwig.) 


synapsis and reduction. But in Boveria svbcylwdnca, Stevens 
describes the similar union of the 4 chromosomes to form 2 during 
the vegetative divisions and analogous conditions are evidently 
found in the pblymastigote flagellates according to the observations 
of Kofoid and his collaborators. The significance of this apparent 
reduction in vegetative mitosis is problematical, and the subject 
requires further careful study (see Chapter XI for details of 
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CHAPTER III. 


STRUCTURAL DIFFERENTIATIONS. 

Although fundamentally important in vital functions, the 
various granules •and structures which have been described can 
hardly be regarded as obvious or visible characteristics of Protozoa. 
Careful study, involving elaborate technical methods, is necessary to 
reveal the parts they play, and for some, at least, even this has not 
yet yielded positive results. 

The visible characteristics, those we see upon casual examination 
with a microscope — form, color movement, shells, tests, stalks, etc. 
—are secondary in importance in respect to the ultimate vital activi- 
ties. It is in connection with these, however, that the Protozoa 
are best known and the peculiar fascination which they have for the 
microscopist is mainly due to these obvious features. The outer 
structures which please the eye, or the motile organoids which cause 
the fascinating endless variety of movements, represent the out- 
come or product of the ceaseless activities going on between the 
various constituent elements of the protoplasm. Some of them 
are necessary for the continued life of the organism, some are useful 
in one way or another, but not absolutely necessary, and some, 
e, g,, the scalloped cuirass of Entodinium, have no obvious reason 
for being. 

In some types of Protozoa, even on superficial examination, it 
is evident that the aggregate of substances making up the protoplasm 
is differentiated into an external zone and an internal, medullary 
part. The external portion is usually called ectoplasm, the inner 
part endoplasm. The ectoplasm is that part of the protoplasm 
which comes in direct contact with the environment. It is the 
part through which food substances must pass into the organism 
and through which the waste matters of destructive metabolism, 
as well as undigested food, must be voided to the outside; it is the 
part which first receives external stimuli of various kinds, and it is 
the part which gives rise to the more easily visible portions of the 
locomotor structures, and to the specializations for support and 
protection. 

Acting thus as a medium of exchange between the living proto- 
plasm and the external world, the ectoplasm has become modified 
in ways that would be impossible for the endoplasm. In simple 
cases, as, for example, in AmcBba protem, it is not strikingly differ- 
ent from the endoplasm, but in other cases it becomes a complex of 
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specialized adaptations and the source of many important organoids 
of the cell. Here it is quite different from the inner protoplasm in 
structure and in function and the aggregate, to distinguish it from 
the relatively simple ectoplasm of Amceha is better known as the 
cortical plasm, or simply the cortex. 

1. DIFFERENTIATIONS OF THE CORTEX. 

It is quite probable that there is no such thing as an entirely 
naked cell among the Protozoa. Even in AvPceba protevs, the 
classical example of a naked cell, the ectoplasm is covered by a 
delicate, viscous hyaline zone of modified protoplasm. Hofer, 
Verworn, and others, have noted it in connection with food taking; 
Schaeffer (1917), in connection with movement claiming that it 
is a third kind of protoplasm in addition to ectoplasm and endo- 
plasm and Chambers (1915) came across it in connection with micro- 
dissection experiments. Among Sporozoa and Infusoria it has been 
described in many species, and in flagellates and ciliates it is not 
infrequently characterized by definite markings or sculpturing. It 
is the most external portion of the cell and is distinguished from 
the remainder of the cortex by the special name periplast or pellkic. 

The periplast always fits the body closely, dividing when the 
body divides, thus differing from all other types of lifeless coverings; 
in Paramedutn candatumy for example, during plasmolysis, it 
becomes separated from the rest of the cortex and distended by the 
accumulation of fluids. In other cases it is much more definite and 
membrane-like as in Cochliopodivm hilimbosum (Fig. 8, p. 30), or in 
the loricate ciliates such as Euphtes harpa, Urmychia setigera and 
their allies. Periplasts are frequently delicate enough to give way to 
forces generated within the body, but elastic enough not to break, 
a phenomenon resulting in peristaltic movement which is not infre- 
quent in Gregarinida (e. g., Monocystin agilis) and in flagellates 
(Euglenida). Such organisms are said to be ‘^metabolic” and the 
peculiar motion is sometimes called "^euglenoid movement.” 

In many cases the periplast is ornamented by striations which 
usually run obliquely down the cell (Phcunis longicaudns, Englena 
oxyuris, Fig. 65); in some cases by ridges {Phacus pyrum , Chloro- 
peltis sp. Menoidium incurmim, etc.. Fig. 65, Z), F); by furrows or by 
nodules as in the ciliate Vorticella rnonilata. In Coleps hirtvs the 
periplast is differentiated into definite plates of characteristic form 
arranged in four girdles which compose an armature for the organism 
(Fig. 65, A, C). The skeletal structures of Diplodinivm ecaudatns 
are likewise differentiations of the periplast (p. 20). 

Not only the periplast, but the entire cortex has become differen- 
tiated in a great variety of ways in response, apparently, to the 
many demands made upon it as a result of its contact with the 



Fid. 65. — A, B, C, Form, structure of plartes, and division of Coleps hirhia (after 
Maupas); X>, Chloropeliia sp. (Original); E, Phacus longicaudtta (after Stein); F, 
Menoidium incurmm (after Hall.) 

(a) Cortieal Diflereiitiatioiis for Sapport and Protection.— Apart 
from the thickening and hardening of the periplast which furnishes 
sufficient protection and support for the great majority of flagellates 
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and ciliates, the cortex is the seat of precipitation of different 
mineral substances; of secretion of gelatinous substances; or of 
protoplasmic modifications into lifeless organic substances of various 
kinds. These various products of cortical activity are moulded 
into close-fitting, lifeless membranes of chitin, pseudochitin, and 
cellulose, or into loosely-fitting shells, tests, skeletons, cups, tubes 
and the like. These are not divided when the cell divides but are 
either left as empty shells and tests^ or one of the daughter indi- 
viduals after reproduction remains in the old shell while the other 
individual makes a new shell for itself. t 

Gelatinous mantles are common in flagellates and are occasionally 
found in the ciliates {e. g., Ophrydium versatile), but gelatinous 
materials are secreted by all types of Protozoa. Usually, when the 
secretion is abundant, daughter cells remain embedded in it as a 
matrix after division, and the so-called spheroidal types of colony 
result (see p. 34). 

The most characteristic shell-forming material manufactured by 
Protozoa is chitin and pseudochitin. Chemically chitin is a modified 
protein (C 30 H 60 O 10 N 4 or multiple) and undoubtedly polymorphi 
in composition. Its mode of formation is still uncertain but condi- 
tions in Protozoa support the view of Chatin that it arises by trans- 
formation or differentiation of the peripheral cellular protoplasm. 
Not only are cups, tests, '^houses” of various kinds formed of 
these substances, but cyst membranes, spore capsules of the Sporo- 
zoa and ‘Antral capsules’^ of the Kadiolaria as well, while impreg- 
nated with calcium carbonate, silica, strontium sulphate, etc., 
or covered by foreign bodies of different kinds, the chitinoid mem- 
branes furnish the framework for the up-building of the most 
complex shells and skeletons. In encysting ciliates the animal 
becomes spherical, and much condensed and is surrounded by 
an envelope of fluid-like material which condenses more and more 
with exposure until the definite membrane, impervious to moisture 
and resistant to all unfavorable conditions of the environment, 
results. In Iladiolaria the central capsule is a spherical wall of 
chitin, separating the endoplasm from the external protoplasm aral 
perforated in various ways to permit of communication between the 
different regions of the cell (see p. 343). 

In flagellates and ciliates the chitinous houses, tests, cups, etc., 
are usually colorless and very transparent, but in the rhizopods this 
is unusual, the chitin shells being colored by oxides of iron usually 
red dr brown {Arcella sp. etc.). In the majority of fresh water 
rhizopods the outer surface of the chitinoid shell is covered by foreign 
particles of various kinds, such as sand crystals, diatom shells, or 
even living algce which are glued to the membranes by a chitinous 
cement. Similar shells, which are generally known as arenaceous 
shells, are found amongst the Foraminifera. In other cases, plates 
9 
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of silica are deposited in the inner protoplasm and passed dut during 
reproduction to be cemented on the chitinous membrane in regular 
patterns (Euglypha almhta, 'Fig. 8, p. 80). Foreign bodies caught 
up in the wrinkles of withdrawing pseudopodia are similarly stored 
in the protoplasm to be used for shell-building purposes, Verworn, 
for example, compelling to build its shell of different kinds 

of powdered glass. 

The lime shells of Foraminifera are formed in quite a different 
manner. Here, calcium carbonate is precipitated between two 1am- 
ellffi of chitin veiy much as a cement wall is made between board 
surfaces. Except for a single mouth opening such limestone shells 
may form an unbroken wall about the organism (imperforata) or 



P Fio. 66.— A complex polythalamous shell of Operculina (schematic). The shell is 
represented as cut in different planca.to show the distribution of the canals and the 
arrangement of septa and chambers. (After Carpenter.) 


they may be perforated by myriads of minute pores (foramina) 
through which the pseudopodia pass to the outside, a condition 
which gave rise to the name Foraminifera. In the more compli- 
cated types of these limestone shells, which may reach a diameter of 
2 or 3 inches, the calcium carbonate may be dq)osited at successive 
intervals of growth, thus giving rise to chambered structure of the 
cells. Such polythalamous shells are complicated by the presence 
of an intricate system of canals which, in life, are filled by moving 
protoplasm (Fig. 66). 

Skeletons of Heliozoaand Badiolaria, unlike the more clumsy shells 
of the Foraminifera, are usually delicate in structure and graceful 
in design. They are formed for the most part by a deposit of silica 
upon a chitinous base. Dreyer has given evidence to indicate that 
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such skeletoijis have their beginnings in spicules which conform in 
shape and size with the nodal points in the alveolar walls of the cyto- 
plasmic reticulum (Fig. 11, p. 33). Isolated spicules are character- 
istic of several Heliozoa and Radiolaria where they form a loose 
or felted covering in the outer protoplasm. Such spicules invari- 
ably grow by accretion, that is, by the addition of new substance 
to the outside of that already formed. If su(^ added material 
is formed in a limited region of the protoplasm, the result is a con- 
tinued accretion of silica to the end of a spicule which is pushed 
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Fig. 07.— Types of spicules in Heliozoa. •Raphidiophrys pallida with curved 
silicidus spicules; B, Pinaciophora ruhiconda with tangential plates and forked spines; 
r, AcantJiocystis turfacea^ with separated plates and forked spines; Pinaciophora 
/lumatUu. (From Calkins after Penard.) 

farther out with each increment, thus giving rise to long bars and 
spines which are radially arranged in forms like Acanthocyatis 
aculeata, etc. (Fig. 67). llie silicious deposit, again, may be made 
throughout a zone completely surrounding the center, resulting in 
clatfairate or latticed skeletons of varying grades of complexity 
(Chthrulina elegana, Naasellaria). 

Cellulose mantles are limited almost entirely to forms provided 
with chlorophyll, and able to form starch by virtue of the energy of 
the sun’s rays. Cellulose is a by-product of these cells and is secreted 
either as a uniform covering for the entire organism, as in .many 
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Chrysoflagellida and Chloroflagellida (F'ig. 126, p. 258), or, as in the 
Dinoflagellida, it is deposited in the form of definite plates, which 
may be highly sculptured or drawn out into characteristic ridges, 
ledges or spines (Fig. 68). 




Fia. 68.-- Types of Peridinid® with cellulose shells composed of plates. A, 
Goniodoma acuminatum Ehr.; li, Gonyaulax Kof. {F) transverse furrow with epi theca 
above and hypotheca below. (A, after SchUtt; aher Kofoid.) 

(6) Motile Organoids.— The organoids by which Protozoa move 
are to be considered as modifications of the cortex, although some 
types, as shown in the preceding chapter, are derived in part 
from internal kinetic elements (flagella and some pseudopodia). 
Three main types are distinguishable”' flagella, pseudopodia and 
cilia, each of which is sufficiently distinct from the others to furnish 
a natural basis for classification of the Protozoa, a basis of classi- 
fication which Dujardin first employed to create the three great 
groups les flagcdles, les rhizopodes, and led cilies. Each type is sub- 
ject to many variations, due to inherent differences in the motile 
organoids themselves, or to fusion in various ways leading to struc- 
tures of considerable complexity. 

It is extremely difficult to decide whether flagella or pseudopodia 
are the more primitive in type. From most general text-books on 
Zoology we learn that the matter admits of no question, and are 
taught that the pseudopodium is the most primitive form of motile 
organ in the animal kingdom. This certainly has been the most 
widely accepted view. Many a generalization referring to Protozoa, 
however, which has found its way into general works on Biology, 
appears to have been drawn from the conditions in some one organ- 
ism which is conspicuous by reason of its abundance and ease of 
study. It would sometimes appear, indeed, that the common 
species of Paramecium and A mceba proteus, to many general writers, 
constitute the Protozoa. This seems to be the case with the problem 
of pseudopodia and flagella, the argument being that a pseudopo- 



STRUCTURAL DIFFERENTIATIONS 


133 


dium of Amceha proteua is certainly a less complex motile organ 
than the flagellum of Kvglena tiridia, and therefore more primitive. 
Had the comparison been made between the pseudopodia of Actino- 
phrya aol or Acanthocyatia aculeata and a typical flagellum, the con- 
clusion would not have been so obvious. There is a good deal of 
evidence against the generalization as it is usually expressed. In 
the first place, a pseudojmdium of Amoeba proteua cannot be inter- 
preted as a motile organ. It is not a definite structure in the cell, 
not does it cause the body of Amoeba inoteua to move. On the con- 
trary, it exists because of the movement of the*body protoplasm 
and the pseudopodium is merely the visible, physical expression of 
this movement which, in turn, is due to the transformation of energy 
in destructive metabolism. This energy finds its vent in that por- 
tion of the ectoplasm which, for the time being offers the least resist- 
ance; the ectoplasm gives way at this point, the endoplasm gushes 
through and a pseudopodium results (see Chapter IV, p. 172). 
Such pseudopodia are not the source of movements of the cell, 
they are results, not causes, of movement. The pseudopodia of 
Heliozoa, on the other hand, arc motile organs, and the axial fila- 
ments which they contain are regarded as equivalent in struc- 
ture and in mode of origin to the kinetic elements of flagella. The 
pseudopodia of I'oraminifcra are intermediate between those of 
Heliozoa and those of testate rhizopods. The problem, then, comes 
down to a theoretical question of probabilities. Is it more probable 
that pseudopodia of the type found in Amoeba proteua become pro- 
gressively differentiated into motile organs through stages like the 
finger-formed pseudopodia of the testate rhizopods, the reticulate 
pseudopodia of Foraminifera and axopodia of Heliozoa and Radio- 
laria, to the typical motile organ of the flagellate type? Or is it 
more probable that a motile organ originating from a definite kinetic 
center (basal body or blepharoplast) has become progressively indefi- 
nite with loss of the kinetic elements through the same series of 
forms, but in the opposite direction, and ending in types like Amoeba 
proteuaf To my mind, the pseudopodia of Amoeba protma and its 
immediate relations, have no place at all in such a series; they are 
merely expressions of the physical conditions of the protoplasm and 
of the forces operating within, and they may appear in any cell 
having an appropriate physical make-up. Thus we find them in 
certain types of cell (leukocytes and phagocytes) widely distributed 
throughout the animal kingdom, and we find them here and there, 
in every group of the Protozoa. 

• An illuminating illustration in support of this conclusion is 
afforded by the transitory flagellated stages of one group of amoe- 
boid organisms, the Bistadiidee (see p. .337). Here, in Ndgleria 
gruberi, for example, the organism loses its pseudopodia under cer- 
tain conditions, and develops flagella, not by metamorphosis of the 
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pseudopodia, but from blepharoplasts which, as centrioles, emerge 
from the nucleus (Fig. .42, p. 86). 

For these reasons I believe that the flagellum type of motile organs 
is the most primitive type we know while axopodia and myxopodia, 
the former with kinetic elements of weaken^ function, the latter 
with denser axial protoplasm which Doflein also interprets as 
equivalent to axial filaments, represent stag^ in the deterioration 
of t^e kinetic function coincident with the absence of definite kinetic 
centers (see also p. 141). For these reasons also, together with 
others which wiH be given later, we hold with Doflein (1916), 
Klebs and many others, that the group of flagellates furnishes more 
evidence of original ancestry than do the rhizopods (see p. 251). 

1. Flagella.— Flagella are widely distributed throughout the 
animal and plant kingdoms, forming the motile elements of animal 
spermatozoa and of plant zoospores, or current-producing organs of 
the collared cells of sponges. They are sometimes combined witii 
pseudopodia (Dimorpha mutans, Fig. 12, p. 34, MastiganuBba 
imertepa, Fig. 137, p. 287, Ciliophrys infusionum, etc.), sometimes 
with cilia (Myriaphrys paradoxa, Fig. 160, p. 369). 

Flagella are usually excessively fine and delicate fibers extremely 
' dMcult to see and to study in the living organism. In the great 
majority of cases the finer structure has not been made out, but in 
a few favorable types some progress has been made. In these cases 
it is known that the flagellum is made up of two definite elements, 
an axial, highly vibratile filament, which is formed as an outgrowth 
from the basal body or blepharoplast, and an enveloping elastic 
sheath which is formed from the protoplasmic substance of the 
cortex. In some cases the sheath is circular in cross-section (see 
Plenge), in others ellipsoidal, while the contractile thread which is 
usually attached firmly to the sheath, may run in a straight line the 
entire length of the sheath, or. may follow a spiral course. In the 
majority of flagellates the sheath undulates and vibrates in unison 
widi the contractile axial thread, but in a few types, such as Per- 
■anema trichopkora or certain species of Astasia, the sheath remains 
passive whOe the axial thread extends freely beyond the limits of 
the sheath, where its activity in the surroimding medium results in 
a steady progressive movement of the cell. Under the influence of 
somewhat violent stimuli, however, the sheath itself may imdergo 
fibrations in such forms. 

Owing to the nature of flagella and to their delicacy of structure, 
there are not many possibilities of variation in type. In addition 
to those which are circular or ellipsoidal in cross-section, there ar» 
some which are band form (some species of Diiiofiagellida). Such 
band-form flagella suggest the possibility that vibratile membranes, 
which are not uncommon in parasitic types of flagellates, may, mor- 
phologically, be regarded as flagellum sheaths which remtun attached 
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throughout their length to the cortex while the axial thread forms 
the contractile margin (Fig. 97, p. 212). Such vibratile mem> 
branes are characteristic of the genera Trypanosoma, Cryptobia, 
Trichomonas, Trichomastix, etc., all of which are parasites in the. 
blood or digestive tract of different animals. 



Fig. 69. — Free-living flagellates with trailing flagella. A, C, D, Bodo caudatus St. 
B, Bodo globosua St.; B, PUsotia vitrea Duj. (After Calkins.) 
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There are, however, abundant variations in size, number, and 
position of flagella in the cell. When there is but one it usually 
emerges from a pit or funnel-shaped opening at the anterior end of 
■ the cell (flagellum fissure). When two are present they may be 
equal in size and length (e. g., Chiltmmiaa-pammeciuw), or one may 
be considerably thicker and longer than the other (heteromastigote 
types). Both may be directed forwards as in Amphimonadidre 
(Fig. 59, p. 117), or one may be directetl forward, the other back- 
ward, as in Bodo, Anisonetna, etc. In such cases the posteriorly 
directed flagelluib (trailing flagellum or Schleppgeissel) appears to 



Fig. 70.— Dinoflagellates with reduced epithecsc. B, Side and ventral views of 
Amphidinium herdmanni Kof.; C, Glenodinium sp. (After Calkins.) 

act as a runner upon which the cell body glides, and has little to do 
with the actual locomotion of the animal (Fig. 69). 

Flagella vary in length from extremely short fibers in NoctUvea 
miliaria and some species of Euglena to forms two or three times 
the length of the body, but the majority are about as long as the 
body. In the Dinoflagellata they are particularly remarkable. 
Here there are two flagella, one of which extends freely into the 
water, while the other girdles the body in a transverse groove or 
annulus which is characteristic of these flagellates, where it gives the 
impression of many cilia (Fig. 70). The earlier figures of the Dino- 
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flagellates represent the furrow— which separates an epitheca or 
upper, from the hypotheca or lower part of the shell — with a fringe 
of cilia, and the name Cilioflagellata given to the group, indicates 
the extent to which this view prevailed. In some aberrant types 
like ExuviceUa marina, in which there is no transverse groove, the 
“transverse” flagellum makes a sharp bend near the anterior end of 
the body and vibrates in a circle exactly as though it were still 
confined within a transverse groove (Fig. 71). 



A B 

Fig. l\,--Exuvi(Blla marina (il) and E, lima (B). (After Calkins.) 

Delage and II6rouard have attempted to explain the dynamics of 
flagellum action whereby the comparatively heavy body is moved 
forward by reason of the vibrations of the exceedingly delicate 
thread. In the usual type the extremity of the flagellum describes 
a rather wide eircle so that it is in a certain focus of the microscope 
for only an instant of time. With this circular movement, which 
varies in different species, constant undulations pass from the base 
to the tip. A forward pull results from the combination of such 
movements and the cell either glides smoothly after its active pro- 
peller, as in Peranema triehophora, or Euglena oxyvris, etc., or 
rotates more or less rapidly on its long axis while freely swimming 
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as in Trachelomonas hispida, Euglena gracilis, etc. When two 
flagella are present a curious shaking movement may accompany 
rotation and translation as in Peridinium divergma or other Dino- 
flkgellida. 

Oi)ly in rare cases are the flagella directed behind in swimming, 
the cell in such cases, like a spermatozoon, being pushed ahead by 
its motile organ. This divergent type of movement occurs when the 
usually sessile choanoflagellates are ^lodged from their attachments 
and are forced to swim about. It is also characteristic of the marine 
flagellate OxyrrhH marina (Fig. 43, p. 88). 

With such energetic motile organs exerting a constant pull on the 
body there would seem to be some danger of their being pulled out, 
especially in those types with soft fluid bodies without firm peri- 
plasts. This phenomenon has indeed been recorded by some 
observers, the flagellum, freed from the body,- moving off like a 
spirochsete. Such observations may or may not be well founded, 
at any rate accidents of this character are guarded against by the 
manner of flagellum anchorage in the cell. As described in the 
preceding Chapter, a flagellum is derived from a blepharoplast which 
may be just below the periplast or deeper in the protoplasm, or it 
may arise from the nucleus (Fig. 42, p. 86). Its anchorage is further 
assured by rhizoplasts whidi sometimes run to the posterior end of 
the cell as in Chilpmonas paramedum or species of Rhizomastix 
(Fig. 46, p. 91), or which form a branching complex deep in the 
body substance as in MasiigeUa vitrea or Astasia species (Fig. 27, 
p. 65). In the various species of Giardia the basal bodies of the 
eight flagella are connected by a complete system of rhizoplasts 
(Fig. 140, p. 293). 

Still another type of flagella is represented by the axostyles or 
internal motile organoids of the parasitic flagellates. In Tricho- 
monas this appears like a glassy, hyaline curved bar of considerable 
diameter, extending from the nucleus to the posterior end of the 
cell where, like a spine, it projects from the periphery (Fig. 72). 
It is usually interpreted as a.supporting axial rod to give rigidity of 
form to an otherwise soft and variable body (Doflein). Dobell 
regards it as a remnant of the centrodesmose left in the cell after 
division of the blepharoplast, a view supported by Hartmann and 
Chagas (1910) who interpret it as a centrodesmose formed during 
division of the intranuclear centriole. Martin and Robertson 
(1909), on the other hand, found that axostyles arise after division 
quite independently of the nucleus or-of centrodesmose, and regarded 
them as independent organoids of the cell. Kofoid and his asso- 
ciates discard the assumption that axostyles are suppoHing or 
skeletal structiu^ and {dace them in the category of Unetic ele- 
ments. They are interpreted as intracellular organoids with a con- 
tractile function characteristic pf flagella and serve as organs of 
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locomotion in the dense media in which the parasites 'live and in 
which the flagella would be ineffective. They are closely connected 
with the blepharoplasts in all species of Giardia (Fig. 140, p. 293), 
and are regarded as independent, self-perpetuating organoids which 
may be the first to divide in the processes of reproduction (Giar/lia) 
or the last to divide (Trichomonas). In all cases the axostyle 
divides longitudinally throughout its entire length, beginning with 
divisions of the anterior end in which the blepharoplast may be 
embedded (Fig. 72). 



Fig. 72.— Trichomonas augiLsta Alex. Two successive stages in division of the axo- 
stylo. (After Kofoid and Swezy.) 


In regai:d to the two opposing points of view as to the function 
of axostyles the weight of probability rests with the interpretation 
of Kofoid and Swezy (1915). The necessity of a supporting struc- 
ture, or a form-rectifying organ, in these parasitic types is difficult 
to conceive. Oh the other hand their intimate relation to, the 
blepharoplasts and their activity in reproduction indicate a common 
function with the kinetic elements. The observations of Kofoid 
and Swezy on the energetic movements of the axostyle while the 
organism works its way through the mucous afford a more plausible 
interpretatioA of the function of this organoid than the a priori 
views of those who see in such movements only the efforts of an 
elastic supporting structure to restore the form of a plastic cell. 
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2. P8eadopodia.~ Pseudopodia are more or less temporary pro- 
jections of the cortex which may serve for purposes of locomotion 
or, more often, as food-trapping or food-catching organoids. Four 
types are recognized, axopodia, rhizopodia (myxopodia), hlopodia, 
and. lobopodia, which differ widely in their structural make-up. 





Fio. 73.— Types of pseudopodia. A, Eruptive type of lobopodium; C, myxo- 
podia type of Foraminifera; D, axopodia type of Heliozoa. (After Calkins.) 


Of these only the first type can be regarded in a strict sense as 
motile organs (see p. 133), the others functioning as food-catching 
organoids, or mere protrusions of the semifluid body. 

^aropodta.— Axopodia are different from other types of pseudo- 
podia in possessing, like flagella, central axial fibers of specialized 
protoplasm derived from endoplasmic kinetic elements. They are 
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found only in organisms belon^ng to the groups Helmoa and 
Radiolaria, in which they radiate out in all directions from a usually 
spherical body (Fig. 73). 

Unlike flagella, the outer coating of an axopodium is not a smooth 
periplast-like sheath, but consists* of fluid protoplasm in which the 
movements of granules out on one side and back on the other are 
clearly discernible. In this manner the outer protoplasm is continu- 
ally changing about the central axial filament, whiqh alone is con- 
stant or ^ed. Upon prolonged irritation, or in preparation fur 
division or encystment, the axial filaments theoselves, together 
with the enveloping protoplasm, are withdrawn. 

Like flagella the axial filaments are formed as outgrowths from 
endoplasmic kinetic elements. GymnosphcBra, Raphidiophrys, Sphee- 
rastrum, Acanlhoeystis, Dimorpha, etc., possess characteristic 
“central granules” which, from their activities in cell division, are 
unmistakably centroblepharoplasts (see p. 99) from the substance 
of which the axial filaments are formed (Fig. 60, p. 117). Wagner- 
ella borealis, in addition to the central granule, possesses a ssone of 
basal bodies which give rise to the axial filaments and which at 
times of retraction of the pseudopodia are drawn into the central 
granule. In still other cases, as in AdinosphoBriiim eichhomii the 
axial filaments do not arise, apparently, either from central granules 
or from nuclei, but appear to start indefinitely in the cytoplasmic 
reticulum (Fig. 73, D). In this case, however, the nuclei are so 
munerous that it would be difilicult for an axial filament to escape 
proximity to some of them, while in a similar multinucleated form— 
Camptonema nvians—eaxAL nucleus gives .rise to a single axial fila- 
ment (Fig. 53, p. 102). 

While the more common forms of Ilelioxoa are quiescent, floating 
types, some of the Ileliozoa are freely motile. ArUxliscvs species, 
according to Penard, moves actively about, in the manner of a 
monad; Acanthocystis aculeata, as well as other species of the same 
genus, turns slowly over and over in a rolling movement; Camptn- 
nevia nutans, according to Schaudinn, bends and straightens its 
axopodia in food-getting and in other activities. Actinosphwrium 
eichkomii and Aciinophrys sol are practically motionless. The 
active movements are due to the axopodia and the structure of 
axopodia is strikingly like that of flagella. That the contractile 
axial filament is the seat of this movement, and not the enveloping 
protoplasm is not open to reasonable doubt. Structure, function 
and mode of origin thus justify the inclusion of axopodia with the 
kinetic elements of the cell. 

On the other hand, in types with axopodia which are practically 
motionless, the axial filaments have apparently lost the vibratile 
function and now serve as supporting elements for the long radiating 
pseudopodia. There is little reason to doubt that such elements are 
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homologous with the axopodia of motile types and that the latter 
are homologous with flagella. This is well illustrated by the case 
of Dimorpha mutang where two flagella and many axial filaments of 
axopodia originate from the same blepharoplast (Fig. 12, p. 34). 

Speculations as to phylogeny on purely moiphological grounds 
are not profitable, but in this group of Heliozoa we have pretty good 
evidence of a close relationship between flagellates and Sarcodina, 
and equally good evidence of the transition from an active kinetic 
element to an inactive, supporting axial rod, as seen in the pseudo- 
podia of ActinoiphcBrium eiehhomii. This change in type is prob- 
ably associated with the loss of specific kinetic centers for neither in 
the cytoplasm nor in the nuclei are such elements to be found. In 
some forms, finally, notably in Claihrulina elegans, the ends of the 
axopodia are frequently branched, a condition which points the way 
to pseudopodia of the rhizopodia type in which the wpporting ele- 
ment is not in the form of an axial rod, but in the form of stiff 
stereoplasm (Fig. 7.3, C). 

Rhizopodia — This type of pseudopodia differs from others, first, 
in the tendency to branch, and second in the tendency to fuse or 
anastomose when such branches meet. From these characteristics 
they are sometimes called reticulose pseudopodia and myxopodia. 
So far as number of species is concerned, this type is the most 
characteristic form of ^rcodina pseudopodia. They occur in all 
forms of Foraminifera, Radiolaria and Mycetozoa which include 
the great majority of Protozoa. As a result of their unlimited power 
to branch and to anastomose, great meshworks of reticulated proto- 
plasm are created which make ideal traps for the. capture of food. 
In.many type.s, especially in Radiolaria, they may be long and ray- 
like, with relatively little tendency to fuse; in other cases a main 
trunk gives rise to so many branches that it is lost in the reticulum, 
great accumulations of protoplasm collecting at the branching points 
(Fig. 9, p. 31). 

Dofiein includes axopodia and these branching anastomosing 
pseudopodia in the one type rhizopodia, and sees in the axial fila- . 
ment of the former and the inner protoplasm of the latter, only 
different states of the same fundamental stereoplasm. Axial fila- 
ments, however, derived from the substance of kinetic centers, are 
quite different from structureless axial stereoplasm which has no 
relation to kinetic elements. The enveloping protoplasm is appar- 
ently the same in both types and granule streaming is a common 
property, but the physical consistency is quite different. In rhizo- 
podia the outOT protoplasm is soft and miscible, leading to fusion on 
contact with one another, while axopodia never anastomose. The 
denser -core of rhizopodia, while not condensed to a single fiber, 
serves the same function of support as the axial filament of Actino- 
apharium and gives stiffness and rigidity to long ray-like pseudo- 
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podia of many Foraminifera and Radiolaria which stand out in all 
directions from the cell. 

Fifopodid.— Structurally filopodia are entirely different from the 
types described above, being formed of clear hyaline ectoplasm in 
typical cases, or they contain a’ few granules indicative of endo- 
plasm (Fig. 10, p. 32). They are usually long and slender and with 
rounded ends giving the impression of slender glass rods. In some 
forms there is a tendency to branch at the ends as in Etiglypha 
alveoilata (Fig. 8, p. 30), but tho'e is never anastomosis. Some- 
time^ they sway back and forth like a filament bf Oscillaria, but 
usually they creep along the substratum where they serve mainly 
for food capture. 

Filopodia are characteristic of the fresh water testate rhizopods, 
but are sometimes present in naked types like Amo^a radiosa or 
Amoeba adinopoda (?). 

Lchopodia — Lobopodia are made up of granular endoplasm and 
hyaline ectoplasm, and are temporarily projected portions of the 
body protoplasm not to be compared with definite locomotor organs 
of other Protozoa. The inner protoplasm of nearly all kinds of 
Protozoa with granules of various kinds, food substances more or 
less digested, and waste materials, is in constant movement called 
cyclosis. In more highly differentiated forms, and in organisms with 
a firm cell membrane, this movement is confined to the internal 
protoplasm and the form of the cell is not affected by it. In the 
shell-less rhizopods, however, there is no such outer covering, and 
the peripheral protoplasm gives way at the weakest points, and an 
outward flow of protoplasm with corresponding change in the form 
of the body results (see Chapter IV). If such a weak point is con- 
stant in position, a constant flow in its direction is the outcome, 
and the Artiaeba, consisting of practically one pseudopodium, as in 
the Umax types, moves in one direction (Fig. 29, p. 67). In 
Amoeba nerrucoea a delicate periplast surrounds a somewhat dense 
protoplasm. which, accumulating on one side (according to Rhumbler 
1898), causes the cell to roll over. 

Withdrawal of pseudopodia is accomplished by their absorption 
into the body substance, and is accompanied by a wrinkling of the 
denser ectoplasm preparatory to its transformation into endoplasm 
(see Schaeffer). 

In pseudopodia generally it is evident that we have to do with 
different types of structure which, in only a few instances, can 
be regarded as motile organs. Axopodia, with their axial filaments 
derived from kinetic elements, are closely related to flagella and may 
be regarded as organs of locomotion, but the other types, which may 
represent highly modified axopodia,* have lost the kinetic elements, 
if they ever had them, and are useful only as food-catching organs. 
In most rhizopods the entire organism is the motile element, rhizo- 
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podia, filopodia and lobopodia being expres«ons of energy transform ' 
mations comparable with the rotation of protoplasm in Nitella or' 
circulation in Tradescantia. Axopodia of the motile Heliozoa, 
axial filaments of the inactive species, and stereoplasmic cores of 
the rhizopodia, may be regarded as successive phases in the modi- 
fication of vihratile flagella. These types of pseudopodia have in 
common an enveloping layer of granular protoplasm, but filopodia 
and lobopodia represent a different type, bmg made up in large 
part, or entirely, of ectoplasm and without any evidence whatsoever 
of kinetic elemertts. So-called “contractile elements” of this type 
of pseudopodia are largely figments of the imagination. 

3, Cilia.— Cilia are the motile organs of Infusoria and accompany 
the most highly differentiated types of cortex to be found in the 
Protozoa. Individually they are shorter, more delicate and less 
powerful than flagella and owe their importance as motile organs 
to their large numbers and synchronous beating. Their action 
may be compared with that of oars in rowing, while flagellum action 
might be compared with sculling, and the results of cilia and flagella 
activities bear a relation similar to that between a racing shell and 
a gondola. 

According to the interpretation of several observers, mainly 
Schuberg, Maier, Schubotz, Schroder, etc., the cortex of ciliates is a 
composite of zones of differentiated protoplasm. In the majority of 
cases such zones cannot be made out, for one shades into the other, 
and the whole into the alveolar endoplasm. In favorable cases, 
however, we can distinguish (1) a superficial periplast perforated 
for the exit of cilia and trichocysts when present; (2) an alveolar 
layer containing trichocysts if the latter are present; (3) a contrac- 
tile zone containing the basal bodies of cilia, myonemes and coordin- 
ating fibers; (4) a denser zone which shades off into the endoplasm 
and supplies an anchorage for nuclei and contractile vacuoles. 

A single cilium is constructed on much the same plan as a flagel- 
lum, consisting of a central axial filament or fiber, and an clastic 
sheath of protoplasm. Movement is due to the active contraction 
in one plane of the axial fiber and recovery to the elasticity of the 
enveloping sheath. The contractile element originates from a basal 
body in the contractile zone. In Pycnothrix monocyatoides, accord- 
ing to Schubotz (1908), there are two basal bodies, one internal, 
which are connected by a rhizoplast. Connecting these basal 
bodies is a series of longitudinal and transverse coordinating fibrils 
(Fig. 54, p. 105). . 

The arrangement of cilia on the surface of the body varies in 
different species; sometimes they form a complete coating for the 
organism as in the majority of Holotrichida (Fig. 76); sometimes 
they are limited to certain zones as in Urocenirum turbo, Didinium 
naaufum, etc. (Fig. 168, p. 383) ; or sometimes to the ventral surface. 
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as in generalized Hj^rntrichida (Fig. 79). In all cases they are 
arranged in longer or shorter rows running straight or spirally, and 
giving the striped appearance characteristic of the ciliates. Waves 
of contraction pass from the anterior end posteriorly, cilia of the 
same transverse rows beating synchronously, those of the same 
longitudinal rows metachronously. 
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(Fig. 54, p. 105), and in some they appear to come from the ridges 
themselves. 

Bhizoplasts or endoplasmic prolongations from the basal bodies, 
are comparatively rare but occur in some cases as in Didinium 
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9 uia, see p. 108), and center in a specialized neuromotor body, the 
motorium (Yocom, Taylor, Sharp). 

In some cases cilia are uniform in length over the entire body 
(Opalina); in other cases they are longer in the region of the mouth 
or around the posterior end, but no sharp dividing point separates 
short from long ones (Fig. 75). In some cases they are uniformly 
long and vibrate like flagella (Aetinobolus radians, Fig. 81, p. 154). 

4. Composite Motile Organ8.~A well-marked characteristic of 
cilia is the ability of two or more to fuse into motile organs of vari- 
able complexity. Such combinations give rise to membranulse, 
membranelles, undulating membranes and cirri, each of which, 
although composed of fused cilia, originates or grows as an inde- 
pendent and complete organoid. In each case also the component 
cilia may be demonstrated by use of dilute alkalies such as potas- 
sium or sodium hydrate. 

Jlfe^njftmnt/te.—Membranute are very long, delicate, finely-pointed 
aggregates of cilia which differ from the somewhat similar cirri 
in movement and in composition, while their basal granules, in 
DvHnitim nasittum at least, are connected with the vicinity of the 
nucleus by definite rhizoplasts (Fig. 89, p. 180). Similar membran- 
ulse form the basal ring in Vorticellidse (Schroder, Schuberg, etc.). 

MembraneUes.—Membr&neWes are formed by the fusion of cilia 
in the region of the mouth. In many of the Holotrichida the cilia 
arc longer just posterior to the mouth than in other regions of the 
body, frequently forming circlets about the mouth as in Lacrymaria 
olor or L. lagenula (Fig. 76) . In the other Orders of Ciliata oral cilia 
are fused to form membranelles. In the oral regions the body is 
usually differentiated into a specialized food-cOllecting, frequently 
funnel-like structure called the peristome. Cilia on the floor of the 
peristome are usually longer than in other parts of the body, and in 
four of the five orders of ciliates some of these are invariably aggre- 
gated in triangular, quadrilateral or ribbon-like membranelles and 
membranes for producing food-bringing currents of water toward 
the mouth. In every order except the Holotrichida a fringe of 
such specialized motile organs, known as the adoral zone, lies on the 
left margin of the peristome (Fig. 78). 

Membranelles are usually made up by the fusion of two rows of 
eilia as shown by the double row of basal bodies (Maier) and their 
flat or curved faces make powerful sweeps in the water (Fig. 78, 
p. 150). According to Schuberg, Gruber, Maier and others, the 
anchorage of these organoids is quite complex. The basal granules 
form a doubly row immediately below the periplast; fibrils from 
these, analogous to rhizoplasts, form a broad triangular basal 
plate and are then brought together to form an end thread which 
connects the membranelle with coordinating fibers (Fig. 57, p. ,110). 




Fia. 76.— Types of Lacrymaria. A , Lacrymaxia sp. : B, and C, retracted and expanded 
phases of Lacrymaria olor; D, Lacrymaria lagenula. (After Calkins.) 


While in most cases the membranelles represent the fusion of 
comparatively few cilia' in transverse rows of the peristome, making 
them relatively narrow at the base, in other cases, notably in the 
Tintinnidse, such hision includes practically all of the cilia of the 
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transverse rows, making membranelles as broad as the peristome 
(Fig. 174, p. 391). In the Vorticellidse there are two row's of mem- 
branelles the double adoral zone winding about the peristome 
usually in a direction opposite to that of the Heterotrichida and 
Hypotrichida (Fig. 78, p. 150). 

Undulating itfenjlirane#.— Undulating membranes are found in all 
orders of the ciliates and range in size from delicate aggregates no 
broader from base to tip than ordinary cilia to relatively enormous 
balloon-like structures equal in width to more than^alf the diameter 



Fig. 77 . — Lemhadion conchoides F. F. (After Faurfi-Fremiet.) 


of the body, and in some cases as Lemhadion conchoides, almost equal 
to length of the body (Fig. 77). In the simplest cases these mem- 
branes are composed of a single row' of longitudinally placed cilia, the 
basal bodies of which form a single basal strand. Since cilia of the 
longitudinal rows beat metachronously the re.sult of their contraction 
when fused in the.se undulating membranes is a series of waves 
passing from the anterior to the posterior end. In more complex 
forms undulating membranes may be composed of 3 to 10 rows of 
cilia, fused in longitudinal rows, the len^h varying from' a few 
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microns to great waving sheets of protoplasm almost as long as the 
entire cell (Fig. 77). They are usually found in the’ peristomial area 
inside the rows of membranelles or adoral zone and are named pre- 
oral, endoral, paroral, etc., according to their positions in relation to 
the mouth (Fig. 78). They are also frequently found in the gullet, 
a single one, for example, in Paramecium, two in Glaucoma, etc., 
and are used exclusively for food-getting (see Maier, 1903), Schu- 
berg, 1905, etc.). 



Fio. 78.— Diagram of a h'ypotrichous ciliato. a 2 , adoral zone of membranelles; 
c, anal and ventral cirri; e m, endoral membrane; e o, endoral cilia; p paroral mem- 
brane; p 0 , prcoral cilia; poc, paroral cilia. (From Calkins.) 

Cim’.— Cirri are the most highly specialized of all the motile 
organs of ciliates, the most characteristic forms occurring in the 
Hypotrichida. They are placed more or less definitely on the 
ventral surface, a group, variable in number, at the anterior end 
being known as the frontal cirri, a similar group, also variable in 
number, near the posterior end being known as the anal cirri, 
while other groups may form caudal cirri, ventral cirri, marginal 
ciwi, etc. (Figs. 78, 79). 

.Cirri are always broader at the base and taper gracefully to a 
fine point. In cross-section near the base they are either circular. 
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ellipsoidal, quadrilateral or irregular, and always have a basal plate 
made up of the basal granules of the ^sed cilia. Under unfavorable 
conditions of the medium in which the organisms live, and usually 
after imperfect fixation, the constituent cilia become separated 
particularly near the tip, and the cirri then present a most frayed- 



Fio. 79.— Types of hypotrichous ciliates. A, Peritromus emmcs; B, Kerona pedi- 
cuius; C, Diophrys appendiculalua; D, Euplotea charon, C, D, after Calkins; B, 
after Stein.) 


out or ragged appearance. They vary in size from extremely minute 
cilia-like marginal cirri to great ventral brushes in forms like Ony- 
chaapis (Fig. 80) or huge hooked structures as in Uronychia and 
other Euplotidse (Fig. 79). 

Cirri are preeminently organs of locomotion, but, unlike other 
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motile organs of the dilates, their stroke is not confined to one 
plane but may be in any direction. This gives to the Hypotrichida 
an extreme variety of movements unparalleled by any other group 
of Protozoa. Many of them walk or run on the tips of their frontal 
and ventral cirri (Stylonychia); others swim with a peculiar jerky 
movement (A»pidiaca)-, others combine swimming' due to the 
adoral zone with sudden jumps or springs due to the anal or caudal 
cirri ( Uronychia, Ewphtes, etc.). Such saltations are not limited 
to the Hypotricjjida, however, but are characteristic of organisms 
in all groups where cirri are developed as in Halteria grandineUa 
among Oligotrichida, Mesodinium cinctum among Holotrichida, etc. 



Fig, 80. — A, OnychoEpis sp,; B, OnychaspiE hexeriE, (Original.) 


In some cases cirri are said to be differentiated as tactile organs, 
especially the more dorsal ones of certain Hypotrichida. It is 
probable that such cirri are no different from other motile organs of 
the dilates in this respect, extreme irritability being a common 
characteristic. Few observers can have failed to note the instan- 
taneous effect of a slight local irritation on a quietly resting Pleuro- 
nema chrysalis, for example, with its long cilia radiating out in all 
directions, yet there are no cirri here. 

The synchronous and metachrmious vibrations of cilia and cilia 
aggregates, are probably regulated by coordinating fibers with 
highly developed irritability. This is the interpretation given by 
Schuberg to the basal, fibrils in the contractile zone of Paramedum 
caudatum; by Nerescheimer (1903) to certain fibers distinct from 
the myonemes in Stenior ccsruleus, and by Sharp, Yocom, Taylor 
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and others, to conspicuous fibers in Diplodiniuin ecaudatvm and 
Euplotes patella (see p. 112). In the latter organism Yocom (101 S) 
and Taylor (1920) found fibers ninning from the posterior anal cirri 
and from the adoral zone of membranelles to a common anteriorly 
placed structure termed the motoriuin, which they regard, with 
Sharp (1914) as a center of the neuromotor system (see p. 109). 
The ventral and frontal cirri, however, are not connected by similar 
fibrils with this motorium, but possess bundles of fibrils, descril)ed 
earlier by Prowazek in Euplotes harpa^ and by Griff^ in E. worcederi, 
which may run in any direction until lost in the endoplasm (Fig. 79, 
p. 151). The inference is that these cirri are independent of the 
coordinated system of fibrils which regulate the adoral zone and the 
anal cirri, and that their movements, which are always irregular, 
are not affected by cutting the coordinating fibrils of the motor 
system (Fig. 57, p. 110, also see p. 112). 

(c) Other Organoids Adapted for Food-getting.— Mention may 
be made here of a few special types of cortical differentiation apart 
from the cell mouths, which Infusoria use for puri)oses of food- 
getting. The most striking of these are the tentacles of Actinoholus 
railianSj the ‘^tongue’* or ‘‘seizing organ” of Duliniwn nmutinu and 
the tentacles of the Suctoria. 

Contractility due to myonemes is a widely-distributed phe- 
nomenon in ciliated Protozoa and in most cases involves the 
activity of the entire organism (see p. 105). When it is limited 
to restricted portions of the body, such as the peristomial com- 
plex of DipUdinivrn ecaudatiiin , or the “vestibuh?” of Vorticellidie, 
it acejuires a special interest. Even more remarkable than these, 
however, is the power, possessed by lAicrywaria dor, of projecting 
its mouth-bearing extremity any distance up to three times the 
length of the flask-shaped body, or until the rubber-like neck is 
reduced to a mere fibril. The “head” thus projected dashes here 
and there with amazing rapidity, the body meantime remaining 
quiet and unmoved, until finally the head and neck are withdrawn 
and the cell swims oft* with no visible trace of contractile structures 
(Fig. 7(5, p. 148). No special myonemes have been described in 
this form and the projection and retraction of the “In^ad” must 
be due to the elasticity of the cortex of the “neck” region, com- 
bined with activity of the oral circlet of cilia while the body cilia 
are at rest. 

Another remarkable and special phenomenon, seen apparently 
by few observers, is the method of food-getting by Adinoholus 
radians. This organism, when at rest, protrudes a forest of radiating 
tentacles which stand out like axopodia, sometimes stretching a dis- 
tance equal to several times the body diameter. The ends of these 
tentacles carry trichocysts (Entz, Calkins, Moody) which upon pene- 
trating an individual Ilalteria grandinelh, completely paralyze it. 
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AcHnoboltis radiaw, these suctorial tentacles are retractile, but 
again there is no satisfactory explanation of their activity and no 
description or mention of specialized motile apparatus. 

Like the majority of formed organoids of the cell the more com- 
plicated of the motile organs described above are formed anew at 
each division of the cell. This does not apply to the majority of 
pseudopodia nor has it been observed in the case of cilia, but is 
well-establii^ed for flagella and for the aggregates of cilia, such as 
membranelles, undulating membranes and cirri.} In a few cases 
the flagella themselves are said to divide, but this is questionable, 
the flagella probably arising in all cases from the substance of 
blepharoplasts or basal bodies which have divided. Young (1922) 
has recently shown that a cirrus of Uronychia transfvga if cut does 
not regenerate, but if the protoplasm is partly included in the 
operation a new cirrus is regenerated. Demboska has still more 
recently (1925) shown that if a single cirrus of StyUmychia is cut 
out all of the cirri are renewed. 

(d) Ond and Anal Cortical Modifications.— In all naked forms 
of Protozoa and in corticate forms which manufacture their own 
food as in the phytoflagellates or which, like Opalina, take in food 
substances by osmosis through the general body surface, there are 
no portions of the ectoplasm differentiated as cytostomes or cell 
mouths. In such forms, furthermore, where there is no undigestible 
matter, there is no modification as cytopyge, or cytoproct, or cell 
anus. In testate forms, obviously, there is only a limited region of 
the bpdy substance which is open for the reception of food. In 
testate rhizopods the shell openings are due to the physical condi- 
tions under which the lifeless shell materials are deposited and no 
definite mouth parts as protoplasmic differentiations are present. 

In all I*rotozoa, on the other hand, which take solid food and 
which are covered by more or less highly differentiated cortical 
plasm, there are permanent openings in the cortex serving 'for the 
intake of solid bodies and for defecation of undigested remains. 
In many cases such openings in the cortex merely expose a limited 
region of soft receptive protoplasm as in Oikomonas termo (Fig. 
88, B), but in other cases complicated cortical differentiations 
with supporting and food-procuring adaptations give rise to complex 
and permanent cytostomes and cytoprocts. 

In flagellates such an area of softer protoplasm is situated at or 
near the base of the flagellum, or two such areas may be present, 
eadi at the base of a flagellum or group of flagella, as in Treyomonas 
and Hexamitm (Fig. 88, p. 179). In one group, the Choanoflagel- 
lidse, a collar-like membrane, arises as a protoplasmic fold around 
the base of the flagellum and forms a cuff or funnel surrounding 
the flagellmn for a distance equal to one-third or one-half its length 
(Fig. 82). These are extremely delicate, the margins alone in 
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many cases indicating their presence and dimensions. According 
to Franks they are somewhat spirally rolled like a cornccopia, the 
free margin arising from the softer food receptive area a»‘>d by its 
movements directing food particles toward this area. In some 
cases two such collars, one within the other, are present as in 



A C . D 

Fio. 82. — Types of ciioanoflagellates. A, Codosiga pulcherrimus; B.Diploaioa aodalia, 
C, Salpinumca marinua; />, Collar type according to FranQ6. (After Calkins.) 

Salpingceca entzn or S. marinus (Fig. 82). The second, outer, 
collar here is regarded by Doflein as a periplastic rigid structure 
which forms a part of the cup or house and is not morphologically 
equivalent to the inner collar, which, like a pseudopodium, may be 
shortened or lenthened, or drawn in and formed anew by the living 
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cell. According to the older interpretation these protoplasmic 
collars assist in food-taking by forming a sticky directive course 
for particles down the inside to the receptive area at the base of the 
flagellum (Kent), but according to Fran^l granules on the inside 
of the collar are moving away from the cell as defecatory material 
while the food particles move down the outside to a receptive area 
not included by the collar base (Fig. 82, D). 

In the majority of corticate flagellates the food-taking receptive 
area is continued as a pit or groove known as the flagellum fissure, 
or as the cytopharynx. The flagellum arises usually at or near the 
base of such a pit and in many cases the contractile vacuole empties 
into it (Euglenida, etc.. Figs, 85, 95). 

It is in the ciliate group, however, that we find the most character- 
istic and mo^ complicated types of cytostome. Here they may be 
mere pores in the cortex which remain closed except during the 
process of ingestion and without accessory current-producing motile 
organs, or they may be permanently open and provided with undu- 
lating membranes or other vibratUe elements. The former type, 
known as the (xymnostomina, eat only occasionally and then by a 
definite swallowing process, the soft mouth region widening into 
a huge opening to receive the prey. Thus Didinivm nasvtiim 
ordinarily swims about with little evidence of a mouth at the 
extremity of the conical proboscis (Fig. 88, C), but when swallowing 
a Paramecium which may be larger than itself, the entire anterior 
end appears to be nothing but mouth, the body wall of the Didinivm 
being reduced to a thin enveloping sheath about the Paramecium 
(Fig. 89). Similar, but not so spectacular cytostomes are present 
in other types of Gyranostomina. Spathidium spathvla may 
swallow smaller ciliates like Colpidium (Fig. 90), Nassula avrea, 
Chihdon cucullulus, etc., still .smaller forms (Fig. 88, p. 179), 
The Tricho.stomina are always provided with food-getting motile 
organs and a constant stream of water with suspended bacteria 
and other minute living things passes through the permanently 
open mouths making the.se creatures, according to Maupas, gluttons 
par excellence of the animal kingdom. 

The complications in regard to structure in these two types of 
cytostome have to do with the support of the walls of the mouth 
and of the gullet into which the mouth opens, and for the perfection 
of the current-producing apparatus. Such support is obviously 
important in preventing rupture of the soft protoplasmic bodies of 
forms like Didinivm namtum, Enchelys farcimen Prorodon teres 
or Spathidium spathvla (Fig. 89, p. 180). In all of these cases there 
is an armature of elongated rotls, called trichites, formed of stereo- 
plasmic substances, embedded in the walls of the mouth and gullet, . 
and these, like spiles in a ferry slip, take up the strain when the 
mouth is opened. In many cases, however, the perfection and 
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strength of these cytostomial supports seem to be entirely out of 
proportion to such hypothetical needs of the organism. Thus in 
all of the Chlamydodontidee the trichites form a tubular armature, 
the ends, making a circumoral ring which may project beyond the 
ventral surface (Chilodm cucuUus). Such an aggregate, known as 
an oral or pharyngeal basket, or pharyngeal armature, forms a more 
or less definite cytopharynx. In some cases the trichites are 
replaced by a compact comeus tube which extends deep into the 
the endoplasm as in Nasaula aurea, Orthodon harmhis, Trachdivia 
omm, etc. (Fig. 83). 



A B C 

Fio. 83. — A, Orthodon hamcUtis with oral tube; B, Frontonia leucas. with undulating 
membrane on left margin of mouth; C, Trachdiuts ovum, {A and C, after Biitschli; B, 
after Calkins.) 

In the Trichostomina the permanently open mouth always leads 
into a more or less highly-developed gullet or cytopharynx, while 
peristomial cortical differentiations of various kinds lead to it. 
The cytopharynx is usually provided with one or more imdulating 
membranes, while membranelles, undulatmg membranes and cirri 
may also be present in the peristome (Fig. 78, p. IM). 

The mouth region of the ciliates appears -to 1^ the focal point of 
the longitudinal rows of cilia. In the generalized forms, such as 
Aciinobolua radiana, Prorodon terea, Uohphrya diacolor, etc., the 
mouth is exactly terminal and the rows of cilia run symmetrically 
to the posterior end (Fig. 165, p. 378). In the majority of cases, 
however, the mouth is not terminal but may be found at various 
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points on the side or upon the ventral surface. Thus it may be on 
the side in forms like Nassvla aurea, or DaUasia frontina (Fig. 168, 
p. 383), on the ventral anterior surface in Frontonia leucas, or various 
species of ChUodon (Fig. 34, p. 77), or at the extreme posterior end 
as m Opiathodon mnemiensia (Fig. 166, p. 379). Wherever the mouth 
is found the rows of cilia are correspondingly altered from symmet- 
rically-placed lines as in the generalized forms, to all kinds of asym- 
metrical arrangements. This has led to the view, first elaborated by 
Biitschli that the ancestral position of the mouth iifciliates, was ter- 
minal at the anterior end, and that, in response to requirements of 
different modes of life, and to various types of food, the mouth has 
shifted from the anterior end to the various positions as now found 
in different types. With this shifting the focal points of the ciliary 
rows have similarly shifted, and the positions of the lines of cilia in 
some forms are us^ as evidence to indicate the path of this shifting 
and the mode of evolution of the present-day cytostomes. A 
familiar illustration of such shifting is the series of forms represented 
by the genera Holophrya, with terminal mouth, Spathidiuvi, with 
oblique mouth, Prorodon and Dallaaia, with subterminal mouths, 
AmphUeptua and Lumotua with elongated slit-like mouths extending 
from the anterior end far down the ventral surface, such types lead- 
ing to the various proboscis-bearing genera like DUeptua in which 
the mouth is limited to the posterior end of such an ancestral 
slit-like aperture, now represented for the most part by a row of 
trichocysts (Figs. 157, 166, 167). 

In ChUodon there is an oblique line of cilia running from the 
anterior left-hand margin of the ventral surface to the circular 
mouth which in some species may be shifted well over on the right 
side. The lines of ventral cilia begin at this line and not at the 
mouth, while an oblique row of specialized cilia suggests the begin- 
nings of adoral zone formations characteristic of the majority of 
Trichostomina. 

In many types of ciliates, a special region of the body, not found 
in the more generalized forms, is developed as a feeding surface. 
Such region!}, known as frontal fielda, are characteristic of ciliates 
which live permanently or temporarily as attached forms. There 
is some evidence to indicate that such frontal fields as occur in 
Stenior, and the Peritrichida, are derived from the anterior ventral 
surface of more actively moving forms. In Peritromtia, for example, 
the line of the pieristome cuts out a definitely limited frontal region 
of the ventral surface, which is provided with special motile organs, 
the frontal cilia. Biitschli (1888) suggested that such a peristome, 
if continued around the right side of the organism would completely 
separate an anterior frontal field from the remainder of the body, 
as seems to be the case in Climacoatomum virena (Fig. 56, p. 107). 
With the development of an attaching portion of the body as in 
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Stentor, and in the interest of feeding, such a frontal field becomes 
directed upward, reaching its most perfect development in types 
like Vorticella and its allies (Fig. 74, p. 145). 

Such frontal fields are flat in the various species of Stentor, or 
they may be greatly invaginated as in Bursaria tnmcaieUa, or 
drawn out into ciliated food-getting arms as in FolUculina ampulla, 
or rolled up in spiral folds as in Spirochona gemmipara (Fig. 84). 



Fio. 84. — A, Bursaria truncaldla^ frontal field deeply insunk; J5, FolUculina 
ampulla^ with frontal field drawn out into two flexible arms. {A, original; B, after 
Doflein.) 

The cytoproct is rarely differentiatwl as a definite opening in the 
cortex. In many cases, especially in the flagellate group, the cyto-, 
pharynx and anus are the same. In the majority of ciliates, on the 
other hand, there is a constant opening or pore, usually in the pos- 
terior region of the body, which is closed and Invisible except during 
the process of defecation (Fig. JIO, p. 70). In some forms, notably 
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in Pycnothrix monocystoides and Diplodinium ecaudatwn, a definite 
anal apparatus is developed. In the latter case Sharp describes a 
'^rectum” with distinct walls opening to the outside by a permanent 
cytopyge, while at the inner end there is a “cecum” which acts as 
a collecting vacuole for the fecal matter (Fig. 2, p. 20). 

(e) Conteactile Vacuoles.— In the rhizopods and most of the 
soft-bodied flagellates the contractile vacuole can scarcely be called 
a cortical differentiation. In these cases they are more or less casual 
organoids, moving freely with the endoplasmic grt^ules. In the 
corticate flagellates and ciliates, however, there is a permanent 
spot in the cortex through which the contents of contractile vacuoles, 
fixed in position, are emptied to the outside. As a rule the salt water 
forms of Protozoa do not have contractile vacuoles (sec p. I (>8) and 
the number in fresh-water forms is variable, sometimes in the same 
organism (testate rhizopods and Heliozoa). In many types, how- 
ever, the number as well as the position is fixed; two as a rule in the 
phytoflagellates, one in Hypotrichida and Peritrichida, and variable 
numbers in the Ilolotrichida and Ileterotrichida. 

In rhizopods the roving vacuole adds to its volume by picking up 
fluid substances from all parts of the endoplasm until it becomes too 
heavy to be easily moved with the flowing endoplasm. The vacuole 
is thus gradually left behind, so to speak, until it finally breaks 
through the thinning wall of protoplasm and empties its contents 
to the outside, usually at that part of the body whi(fh for the time 
being is posterior. In the fixed forms of vacuoles the fluids to be 
excreted are brought to the excretory organoid by more or less 
definite routes or canals, through the endoplasm. Such canals 
arc highly characteristic of many types of ciliates. A familiar 
example is afforded by the different species of Paramffciyrn where 
the five or ten radiating canals form a characteristic rosette about 
ea(?h of the two contractile vacuoles (Fig. 85). In the Hypotrichida 
there are usually two such canals leading to the dorsally ])laced 
vacuole, and two in Stentor, one following the margin of the body 
to the “foot,” the other following the rim of the peristome in a 
circular course around the body (Fig. 74). In Ophryoglena flam 
there may be as many as thirty fine feeding canals leading from all 
parts of the body to the centrally-placed vacuole and in Frontonia 
leucas eight to twelve such canals follows a tortuous course through- 
out the body substance. In Pycnothrix the canals form a branching 
network through the endoplasm. Such canals are repla(?ed by a 
ring of feeding vacuoles in many of the corticate flagellates and Dino- 
flagellates. 

In corticate Protozoa the contractile vacuole usually op(?ns to 
the outside in the vicinity of the anus when such a structure is 
present. In many cases it opens into the cytopharynx as in the 
majority of flagellates or in the vestibule of forms like Vorticella. 

11 




Fig. *85.— Golgi bodies in Chilomonas paramecium {B) and Paramecium caud- 
aium (A and C). c.r., Contr,actile vacuole; r, radial canals of Paramecium, (After 
Nassonov.) 


panella umbeUata slich a reservoir is replaced by two definitely wall^ 
evacuation canals, while in Pycnothrix the excretory canal is said 
to be provided .with special cilia. 
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In Dinoflagellata, according to Scbiitt (1892), there are, in addi- 
tion to the contractile vacuole, large fluid-filled vacuoles which 
likewise open to the outside at the flagellum fissure by a fine pore 
canal. These are termed sac-pusules by Schutt and differ in func- 
tion apparently from the collecting pusules or contractile vacuoles 
proper. Doflein suggests that these larger vacuoles may perform a 
hydrostatic function. The term pusule is applied by &hutt in 
view of the presence of distinct membranes and the absence of 
rhythmical pulsations, features which distinguish ^em from ordin- 
ary contractile vacuoles. 
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CHAPTER IV. 


GENERAL PHYSIOLOGY. 

LIFE, ORGANIZATION, AND VITALITY. 

There is no doul)t that our knowledge of the structures of 
Protozoa far outstrips our knowledge of their functions. The 
minute size of the individuals and the inadequacy of micTochemical 
tests make it extremely difficult to follow out any physiological 
process to its end, and masses of single cells in pure culture are 
impossible to obtain, although an approach in this direction is 
made by the so-called “pure-mixed’^ cultures of Bacteria and 
l^rotozoa. 

It must not be overlooked that physiological prol)lems here for 
the most part begin w'here similar problems of the Metazoa leave 
off, namely in the ultimate processes of the single evil. Here the 
functional activities have to do with the action and interaction of 
different substances which enter into the make-up of protoplasm 
and, at the present time, are beyond our powers of analysis. A few 
of these activities may be duplicated individually and apart from 
correlated functions, in the laboratory. Or specific reactions between 
specific chemical substances may be obtained as, for example, the 
digestion of fibrin by fluids extracted from the protozoon proto- 
plasm; or in a physical sense the reversal of the sol and gel states 
in colloidal mixtures. Such individualized processes, however, give 
little idea of the infinite play of forces continually operating in 
living protoplasm all of which, harmoniously working together, 
make up the phenomena of vitality and distinguish living from life- 
less matter. 

Protoplasm is an aggregate of chemical substances in colloidal 
form and in the physical state of a complex emulsion. Groups of 
chemical substances known as nucleins, nucleo-proteins, albumins, 
carbohydrates, lipoids, salts .and water are universally present and 
the various vital activities consist of actions, reactions, and inter- 
actions between and amongst these different substances. Aggre- 
gates of substances become local centers of special activity; these, 
the plastids of the cell enumerated in Chapter II, frequently have a 
definite form and size and can be demonstrated morphologically. 
Such plastids do not lose their lability or functional activity with 
the processes in which they participate. Other substances, however, 
are chemically and physically changed by the processes through 
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which they pass and become stabile elements of the protoplasmic 
make-up. Such changed substances no longer enter into the vortex 
of vital activities, but as metaplastids may or may not be of further 
use to the organism. 

The almost infinite variety of form and structure represented by 
the Protozoa in the last analysis, must be traced back to the chem- 
ical nature of the proteins and to their relations and interactions 
with other substances in protoplasm. Types which have a similar 
(rhemical and physical make-up, with similar ^etaplastids and 
plastids, are practically identical in form and structure and we 
recognize them as distinct species. Variations in chemical com- 
position, be they ever so little, must result in different chemical 
reactions and products with corresponding variations in form and 
structure of the organism, and these variations furnish the basis 
for classification. 

Under normal conditions the reactions amongst the varied sub- 
stances in protoplasm of the same species, with their products and 
arrangement of these products, are individual and invariable. Fur- 
thermore, the entire organism partakes of this individuality. A 
fragment of Stentor obtained by cutting or by shaking cannot be dis- 
tinguished from a similar fragment of DilepinSf yet the former regen- 
erates into a perfect Stentor, the latter into a perfect IHleptufi. Or 
an encysted Uroleptm mobilis is morphologically identical with an 
encysted IMiniuvi nasnium ; both are apparently homogeneous balls 
of undifferentiated protoplasm; the one emerges from the cyst with 
the characteristic difl’erentiations of Uroleptv^, the other of Didin- 
mm. In short, the homogeneous ball representing Urohptns is as 
specific and different from the homogeneous ball representing 
Didimnm, as the adult UroUptvs is different from the adult Didin- 
ium. We may speak of this specific chemical and physical make-up 
as the fundamental organization of the species, or of the specific 
protoplasm, in a sense similar to the architectonik of Driesch. The 
adult characteristics are the outcome of the specific chemical make- 
up of the proteins, carbohydrates, salt, water, etc., and of the 
interactions amongst them and represent what we may call the 
derived organization. 

Organization in the above sense is not only specific but con- 
tinuous from generation to generation, and has come down through 
the ages subject, however, to modifications and changes through 
interaction with the environment or through changes coming from 
within as in amphimixis. 

While organization is continuous the actions and reactions going 
on within it are discontinuous. More or less prolonged periods of 
rest are characteristic of all living things, best exemplified in the 
case of spores, eggs, encysted Protozoa and seeds. At such times 
the organization is static; the chemical substances making up the 
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spedfic organization are present but quiescent, or at most relatively 
inactive. A striking illustration is afforded by the phenomenon of 
desiccation in soipe types of animals, e.g., rotifers. For some years 
I had on my shelf a bottle of minute amorphous granules which 
appeared like specks of dust under the microscope. After placing a 
few of these granules in water each of them would become an active, 
living rotifer in an hour or so. Here organization was present 
but inactive and activity began with the absorption of water and 
with oxidation. The rotifer in the active state is the same rotifer 
that it was in the dried condition, so far as organization is concerned, 
but it differs in that the organization is now in action. It is a 
difference of the same nature as that between an automobile stand- 
. ing in the garage, and the same automobile travelling 30 miles an 
hour. The organization is in action in both moving rotifer and mov- 
ing automobile; is static in the dried rotifer and in the standing 
machine. 

For descriptive purposes, at least, we find a decided advantage 
in a clear discrimination between these two states of living matter, 
viz.: organization in the quiescent or resting condition, and the 
same organization in action. We would limit use of the term 
Vitality to the active state and would define it as the sum total 
of actions, reactions, and interactions going on between and amongst 
.the substances making up protoplasm and between the.se and the 
environment.. The concept Life, with its attribute of continuity, 
thus becomes associated with the concept of organization rattier 
than with the more dynamic concept of activity, which is inter- 
mittent or discontinuous. Life cannot be defined or measured 
any more than we- can define and measure organization. Vitality, 
on the other hand, can be measured both as a whole and in its con- 
stituent activities. 

As a result of activities the protoplasmic organization itself may 
change. An encysted Urolephia is a motionless and apparently a 
homogeneous ball of protoplasm; an hour later it is an elongate, 
cigar-shaped organism with specialized motile organs in the form 
of cUia, membranelles and cirri, and its contractile vacuole pulsates 
with rhythmical regularity as it moves actively about in the water. 
The organization has undergone a change in this brief period; the 
first indication is the swelling and enlargement of the cyst wall, 
evidently by the absorption of water; oxidation probably occurs and 
substances already present, or new substances- fornied as a result 
of. this initial oxidation, are responsible for the newly-developed 
structures or derived organization not present before. Such struc- 
tures, however, are the morphological expression of the adult organ- 
i^tion and their form9.tion corresponds to development and differ- 
.entiation of the metazoon egg. 

Continued activity involves other and still more subtle changes in 
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organization; some of^liese are evident in individual life between 
^vision periods; others are evident only in a long series of individuals 
constituting a life cycle. These will be more fully treated in 
Chapters X and XL 

Other changes in organization may be brought about by environ- 
mental conditions; or they may be brought about by changes in 
one or more of the substances constituting the protoplasm of the 
spedes, as when amphimixis introduces a new combination of chro- 
matin into the organization. These are undoubted factors in the 
phenomena of adaptation and probably play a part in*the origination 
of new species and types. 

In presenting the physiological aspects of the Protozoa in this 
and in the later chapters, I shall endeavor to follow out the 
train of thought outlined above. The more obvious functional 
activities of the individual will be considered first, and will be 
followed by a discussion of vitality or the sum total of activities in 
the life cycle and the changes in organization which accompany the 
changes in vitality. Sex phenomena, including gamete formation 
and maturation, will be treated as evidences of cyclical differentia- 
tion in the organization, while fertilization phenomena will be con- 
sidered from the standpoints of their bearing on reorganization and 
vitality and on the origin of specific variations. 

FUNCTIONAL ACTIVITIES OF THE INDIVIDUAL. 

The sum total of the various physiological processes of the 
individual may be subdivided for the Protozoa, as they are for the 
Metazoa, into aggregates of special activities which we call the 
fundamental vital functions, and distinguish as nutrition, excretion, 
irritability and reproduction. In Metazoa these are performed by 
specialized cells, grouped into tissues, organs and organ systems, 
the complexity varying with the specialization of the organism. 
In Protozoa they are all performed by the single cell and all are more 
or less involved in the activities of the diverse substances and struc- 
tures which compose it. All work together in a harmonious cycle 
of matter and energy. 

The scientific beginnings of the modern mechanistic conception 
of vital activities is traced to Lavoisier and his comparison of animal 
heat with physical heat due to combustion through oxidation. The 
utilization of choiiical energy or energy of combination liberated 
by ondation, is possibly the keynote to the multiple vital harmonies 
of animal life (see Verworn, 1907). Oxygen necessary for such 
physiological combustion is obtained by all protozoa without the 
aid of specialized respiratory organs. It is readily absorbed through 
permeable membranes from the surrounding water, or obtained 
‘‘by reduction from o^^rgen-holding substances, as in anaerobic fonns. 
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In one way or another it is ever present to initiate the round of vital 
functions. 

The energy of combination, released by oxidation, is paid for by 
loss in the chemical compound oxidized. Other compounds may 
be formed with lessened energy of combination, and end-products, 
notably COj and urea (NHa)jC() are not only useless to the organ- 
ispi but positively harmful unless voided. Excretion, therefore, 
must follow oxidation. To make good the loss of substance new 
food materials must be taken in, digested and assimilated, but this 
is possible only through movement, and movement in turn is an 
expression of irritability. Hence a second con.sequence of oxidation 
is movement and the latter is made possible because of the energy 
transformed by oxidation. Excretion and irritability thus are 
fundamental vital functions, while a third, nutrition, is closely cor- 
related. Excess of food intake over waste by oxidation leads to 
growth of the diverse protoplasmic substances and to their redupli- 
cation by division, while the aggregate of such divisions, expressed 
visibly by division of the cell, constitutes reproduction. The funda- 
mental vital functions are thus intimately bound together; external 
conditions such as decrease in temperature of the metlium in which a 
protozoon lives, means decreased oxidation, retanlcd movements, 
less food and a lower division rate. Increase in temperature involves 
a speeding up of all activities and, if food is abundant, a higher 
division rate. External conditions involving absence of food lead 
to starvation and death of the cell through uncompen.sated lass by 
oxidation. In short, interference with any one of the fundamental 
functions leads to disturbance of them all, and the various phases 
of vitality of the protoplasm during a typical life cycle may be due 
to inadequate functioning of one or another or all of these activities. 

A. Excretion of Metaltolic Waste.— The waste matters of oxida- 
tion and continued metabolism are frequently voided in the same 
manner that water and oxygen arc taken in, namely, by osmosis. 
In such cases there is no physiological need of specialized excretory 
organs. It is possible that all Protozoa excrete in this way, although 
the majority of fresh-water Protozoa possess contractile vacuoles 
which are generally regarded as excretory organs. In marine forms 
and in parasites they are generally absent. If such forms, and these 
are the majority of Protozoa, are able to dispose of the products 
of destructive metabolism without definite organs for the purpose, 
why are the latter necessary in fresh-water forms? Hartog (1888) 
has long maintained that contractile vacuoles are not obligatory 
excretory organs, but are primarily hydrostatic organs for the 
purpose of maintaim'ng a pressure equilibrium between the fluids 
within the cell and those in the surrounding water. Degen (1905) 
inteiprets the vacuole in a similar way, its variations in size and 
pulse depending upon permeability of the membrane which varies 
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with the environmental salts. If a given organism lives in a 
hypertonic medium, water formed as a waste product of metal)olism 
does not accumulate but passes out by exosmosis as in marine forms. 
Some types of Protozoa, furthermore, may be transferred from fresh 
water to salt without fatal results. Thus Zuelzer (1903) has shown 
that Amceba verrucosa upon transference from fresh water to salt 
continues to live. It not only loses its contractile vacuole but the 
protoplasm becomes much condensed, evidently through loss of 
water. Here difference in density of the surroi^nding medium is 
largely responsible for loss of the organ characteristic of fresh-water 
forms, but changes in permeability of the cell membrane due to 
salts in the new medium undoubtedly play an important part. 
Other experiments by different observers bear out the same prin- 
ciple. Thus dilution of the normal neutral salts in the medium 
causes enlargement of the contractile vacuoles in Eugkna and in 
ciliates according to Klebs (1893) and Massart (1891), while 
increased concentration leads to reduction in size, retardation in rate 
of contraction, or total disappearance of the vacuole. 

While there is justification for Ilartog’s view of the purely 
physical signifi(?ance of the vacuole, there is every reason for believ- 
ing that water in protoplasm picks up any soluble waste matter that 
'may be present, and holds it in solution. Early experiments to prove 
this, by Brandt (1885), Griffiths (1889), and others using chemical 
indicators, or the murexid test for uric ackl, were not convincing, 
and the function of the contractile vacuole as a primitive type of 
excretory organ remained an hypothesis. 

Not only water, C ()2 (see Lund, 1918) and urea, but other pro- 
ducts of metabolism as well, are frequently found in the protoplasm 
of different J^rotozoa. These are usually present in crystalline form 
or in amorphous heaps, which are rather loosely spoken of as 
"‘excretory stuffs^’ without evidence as to their origin and signifi- 
cance. The crystals often seen in Paramecium were identified by 
Schewiakoff (J893) as calcium phosphate combined with some 
organic substance. Similar crystals have been described by 
Schaudinn, Schiibotz and others from the protoplasm of differ(;nt 
kinds of Protozoa. Schewiakoff found that the crystals of Para- 
meednm are not defecated as are undigested food substances, but arc 
first dissolved and then disposed of— presumably with the water of 
the contractile vacuoles. 

The function of the contractile vacuole in Protozoa thus has long 
been a disputed problem. The views of the older students of the 
group, with their conceptions of structural complexity of these uni- 
cellular organisms, fantastic today, nevertheless have a (rertain his- 
torical interest. The idea that a vacuole is a rudimentary beating 
heart as interpreted by Lieberkiihn (1856), Claparede and Lachmann 
(1854 and 1859), Siebold (18.54) and Pritchard (1861) was no less 
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incongruous than the sup^sition of Ehrenberg (1838) that the 
contractile vacuole is an organ connected with the gonadal system. 

With development of knowledge of structure and function of the 
Protozoa, and particularly of the mechanism of vitality, more 
reasonable hypotheses of the function of the contractile vacuole have 
been developed. There is, first, some ground for the belief of 
Spallanzani (1776), Rossbach (1874) and Dujardin (1841) that it is 
an organoid having to do with respiration of the organism, together 
with other possibjp functions, a view supported in modern tinges by 
Biltschii (1877, 1888) and Degen (1905). There is, second, ground 
for the belief held by Stein (1859), Gruber (1889) and the majority 
of modem students of Protozoa, that it is an organoid for the 
excretion of katabolic waste, despite the unconvincing experimental 
evidence by Brandt (1885), and by Griffith (1889) . Howland (1924), 
however, by using a much more delicate test (the Benedict blood- 
filtrate test) obtained un m istakable evidence of the presence of uric 
acid in Protozoa; in P. cavdatum analyzed by Benedict, a color reac- 
tion was obtained equivalent to 4 to 5 mg. of uric acid per liter. 
There is, third, ground for the belief that the contractile vacuole is an 
organoid for the regulation of osmotic pressure in the cell, a view first 
advanced by Hartog (1888) and supported by Degen (1905), Stempell 
(1914), Khainsky (1910) and recently by Nassonov (1924). 

These three beliefs are not necessarily exclusive and the possi- 
bility of all three functions is still open. The osmotic function is 
well supported by evidence furnished by Gmber’s (1889) experi- 
ments in transferring fresh-water vacuole-holding AcHnophrys sol 
and Amaba .crystaUigera, to salt water, and vice versa, or by Zuelzer’s 
similar experiment with Amoeba verrucosa, the protoplasm becom- 
ing more condensed and the vacuole lost in salt water. Hogue 
(1923) found that Vahikampfia calkensi when transferred from salt 
water to fresh-water media developed 1, 2, 3, or even 4 contractile 
vacuoles. More extensive experiments by Degen (1905) with salts 
of different kinds and with varied conditions of the environment, 
show that the contraction of the vacuole is a function of osmotic 
pressure, and irrespective of the type of salt or neutral solution 
introduced. With Hartog, he concludes that protoplasm of fresh- 
water forms, with its salts in solution, has a higher osmotic pres9ure 
than the surrounding medium, which leads to continued intake of 
water. Such intake, if not balanced, would lead to inflation and 
to diffluence. According to Degen and Hartog it is the function 
of the contractile vacuole to establish this balance. 

This hypothesis, with further evidence supplied by the absence 
of contractile vacuoles in marine forms where osmotic relations of 
protoplasm and environment are more evenly balanced, is theoreti- 
cally corrert. There is no reason to doubt, however, the further 
possibility that the water expelled by the contraction of the vacuole 
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contains water-soluble katabolic excretory substances such as CO 2 
and nitrogenous waste, positive evidence for which is suppli^ by 
Howland. This indeed was admitted by Degen although he 
obtained no evidence of the nature of the substances excreted. He 
saw in the membrane of the vacuole the possibility of an excretory 
mechanisni. The actual existence of such a membrane, however, 
is still in dispute, indeed the majority of investigators deny its 
existence (Biitschli, Rhumbler, Schewiakotf, Taylor). Others, 
however, give evidence to show that a true memi^rane, although 
very delicate, is actually present. Howland (1924, 1) for example,* 
by micro-dissection methods has been able to remove the contractile 
vacuoles of Amceha verrucosa and of Paramecium caudatum after 
which they retain their integrity for considerable p>eriods as free 
vacuoles in the surrounding water. She also has punctured the 
vacuole with needles while in the endoplasm, causing the expulsion 
of its eontents into the surrounding endoplasm and resulting in 
the wrinkling of the vacuole membrane. Nassonov (1924) also not 
only demonstrates the presence of a membrane in various tyi)es 
(Paramecium caudatum, Lionotus folium, Nassuh laieritia, Cam- 
panella umbellaria, Vorticellidce, and Chilomonas imramecium) but 
by use of fixation methods employed for demonstrating the Golgi 
apparatus in metazoan cells, comes to the eonclusion that the 
membrane of the contraetile vacuole is the homologue of the Golgi 
apparatus. This, in Metazoa, he had earlier (Nassonov, 1923) iden- 
tified as an organoid intimately bound up with secretory activities 
of the cell (see also Bowen). In different Protozoa the contrac- 
tile vacuole, which he unhesitatingly calls an excretory apparatus 
with a definite lipoid membrane, is variously complicated, from a 
simple ve.sicle with osmiophilic membrane in forms like Chilomonas 
paramecium (Fig. 85, B), to complex aggregations of vesicle and 
canals as in Paramecium (Fig. 85, A, C). In the latter case the 
canals appear to contain the material by activity of which sub- 
stances are chemically differentiated for secretion and these are 
passed on to the vesicle through whose activity they are excreted. 
With this work of Nassonov’s, which is convincingly presented, we 
have a very definite statement of the excretory functions of the 
contractile vacuole and of the presence and function of the lipoid 
membrane. In quite a modern way it brings us dangerously near 
to an Ehrenbergian conception of a kidney and bladder in Protozoa. 

B. Brritability.— In the absence of all knowledge as to the manner 
in which protoplasmic particles respond to stimuli of different kinds, 
we are constrained in speaking of irritability of Protozoa, to limit 
descriptions to aggregates of such responses as manifested through 
movement, as energy transformed by oxidation from the poten- 
tial or stored chemical energy, to the active of kinetic condition,. 
But the manner in whidi sudi kinetic energy is utilized in pseudo- 
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podia formation or by the elements of flagellum^ cilium or myo- 
neme, is a matter of pure speculation. The reactions which char- 
acterize the resulting movements, however, can be analyzed and 
measured and these form the chief basis of our knowledge of pro- 
tozoan irritability. Attempts to explain pseudopodia formation 
and amoeboid movement have varied with the changes in our con- 
ceptions of the physical make-up of protoplasm. The protoplasm 
of Amceba regarded as a fluid substance, was supposed to follow 
the laws of surfece tension characteristic of all fluids. Pseudopodia 
formation, according to the views of Berthold (1886) is the attempt 
of one fluid (protoplasm) to spread out between water and the 
substratum as Quincke’s well-known experiments demonstrated for 
fluids. As physical conditions on all sides of the Amoeba are not 
equal, variations in tension result in local diminution, and the ten- 
dency to spread is focused in a local area and the pseudopodium 
results. Biitschli’s (1894) observations and experiments with emul- 
sions of oil, salts and water, and Rhumbler’s (1898) analysis of the 
causes of movement in lobose rhizopods led these observers also to 
interpret pseudopodia formation as a result of surface tension 
phenomena. With the more modern conception of protoplasm as 
a colloidal aggregate in the physical state of an emulsion in which 
the external and internal protoplasm of Amoeba are in the relation 
of gel and sol, the difficulty of applying the laws of fluids became 
apparent and the hypothesis based upon surface tension has been 
generally abandoned. Ilhumbler himself (1910 and 1{)14) recog- 
nized this difficulty and materially changed his conception of amcn- 
boid movement, while Hyman (1917) greatly enlarged and perfected 
his later point of view. According to Hyman the ectoplasm of 
Amoeba f by virtue of its relatively solid state, becomes tenuous but 
elastic, as demonstrated by the experiments and observations of 
Jennings (1904), Kite (1913, Schultz (1915) and Chaml)ers (1915, 
1917), and exerts an elastic tension on the inner fluid protoplasm. 
Bancroft (1913) and Clowes (1916) demonstrated the reversibility 
of phase in diphasic physical systems through the agen(?y of electro- 
lytes, and the conclusion followed that the ectoplasm represents a 
reversal phase of the more fluid inner protoplasm. Hyman argues 
that, owing to the tension of the enveloping ectoplasm, if any local 
region of the solid ectoplasm becomes liquefied, the resistance gives 
way at such a . point and the fluid endoplasm is pressed out, thus 
forming a pseudopodium. The immediate cause of such liquefac- 
tion she traces to a local increase of, or change in, metabolic activity 
resulting in the production of hydrogen-ions appropriate for dis- 
solution of the solid ectoplasm. By use of Child’s potassium cyanide 
test for metabolic gradients, she was able to demonstrate that such 
local regions of greater metabolic activity actually occur on the 
periphery of Amoeba protetis before a pseudopodium breaks out, also 
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that the extreme tip of the advancing pseudopodium is the most 
actively metabolic part. 

On the basis of some such physical interpretation of amoeboid 
movement, the problem of harmonizing pseudopodium formation 
with the activities of flagella, cilia and ciliary aggregates, docs not 
appear as hopeless as it does upon the surface tension hypothesis. 
Elasticity of Amceha ectoplasm and of endoplasmic solidification 
(stcreome) in Foraminifera^ elasticity and contractility of axial 
filaments in Heliozoa or in axial fibrils (kinetic) oft flagellates and 
ciliates, may ultimately be harmonized on the basis of some physical 
explanation of this nature. 

Whether repeated shocks leading to changes in the nature of 
protoplasmic response or to changes in direction of movement should 
be interpreted on the basis of “memory” and “learning” or in some 
other w^ay is largely a matter of personal idiosyncrasy on the part 
of the observer. Numerous observers have described processes of 
food “selection” by Amceha (e. g,, Gibbs and Dellinger, 1908; 
Schaeffer, 1917 and elsewhere, Metalnikoff, 1910, et aL)> Mast and 
Pusch (1924) interpret an observed change in the protrusion of 
pseudopodia of Amceha protend in respect to a beam of light as 
evidence of something analogous to “learning” in higher animals, 
etc. “Learning” involves “memory,” and such terms connote 
processes of an entirely different nature whic;h we associate with the 
highest types of animals. It is conceivable that fatigue, to use the 
term in its broad sense implying total or partial exhaustion of pro- 
toplasmic constituents necessary for a reaction, and therefore a 
purely physical matter, is adequate for explanation without calling 
upon any obscure pan-psychic analogy. Sin)ilarly with Kepner 
and Taliaferro’s (1913) evidence of “purpose” in methods of food- 
getting by Amceha proteun. 

Many of the reactions of Protozoa are bound up with the coor- 
dinating mechanism of the cell through wdiich the organism acts as 
a unit. The specific response of an organism to a stimulus is the 
result of its particular protoplasmic architecture expressed through 
its coordinating mechanism and motile organs. This has been 
elaborately worked out by Jennings (1904 to 1909) in connection 
with the “motor response” of many different kinds of Protozoa. 

The discussions and controversies over the matter of directive 
stimuli or tropisms in Protozoa have evidently been due in large 
part to a lack of a common understanding of the definition. If by 
“tropism” is meant the orientation of an organism in respect to the 
path of a stimulus, then tropisms, as Jennings was the first to point 
out, play little part in the activities of ^the Protozoa. If, however, 
by “tropism” is meant “the direct motor response of an animal to 
an external stimulus” (Washburn, 1908), then tropisms play a most 
important part in such activities. The two definitions are not 
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compatible; the fonner conveys the idea of a directive stimu- 
lation upon local motor organs or controlling elements; the latter 
implies the complex reaction of a definite mechanism charac- 
teristic of any specific protoplasm, and the same reaction follows 
upon stimulation by any type of stimulus (Putter, 1903, Jennings, 
1909). It follows further that the reaction is called forth regardless 
of the particular organ or element first to receive the stimulus. 

We owe Jennings the credit for first clearly distinguishing between 
these two conceptions, as well as for careful analyses of the move- 
ments of lower organisms (1904 et. seq.), and for demonstrating the 
particular motor response distinctive of specific types of Protozoa. 
He also showed that the nature of the motor response in some 
organisms, e. g., in Stentor, is correlated with the physiological 
state of the organism, and adduced evidence which indicates that 
phenomena of fatigue are involved. • The classical example of a 
motor response, formerly interpreted as chemiotaxis, is the case of 
’ Paramecium caudatum or aurelia in a drop of dilute acid. Casual 
swimming brings the individual to the outer limit of the drop; the 
transition from water to drop does not provide a stimulus strong 
enough to bring about the motor response and the individual con- 
tinues through the drop until it strikes the farther limit. Here 
the stimulus is sufiSciently strong to cause the motor response which 
is manifested as a backward swimming, due to reversal of cilia, 
turning on the long axis and recovery of normal forward swimming 
movement. Repetition of this procedure keeps the individual in 
the acid drop. Others enter in a similar way and are similarly 
trapped until many are confined in the acid drop where they are 
ultimately killed. Such motor responses unquestionably play an 
important role in food-getting and in vital activities generally. 

ilie stereotyped nature of the motor response in any specific 
organbm may be due in the main to the characteristic neuromotor 
systems which the higher types of flagellates and ciliates possess. 
The observations of Sharp (1914), Yocom (1916) and McDonald 

e on ciliates, of Kofoid on flagellates, and the experiments of 
r (1920) in cutting different regions of the neuromotor complex 
of Euplotes, indicate that the motor response of ProtozoA is bound 
up with coordinating systems possessing some of the attributes of 
coordinating systems in Metazoa (Fig. 86). Knowledge of these 
complex systems and their reactions is quite sufficient to dispel 
any lingering belief in tropisms as due to stimulation of special 
motile elements acting independently in such a way as to orient 
the organism in respect to the path of the stimulus. Through 
coordinating fibrils all parts work together; cutting the system at 
any point leads to inharmonious or uncoordinated movements of 
the motile organs as Taylor has- demonstrated. All reactions depend 
upon the organism as a whole; enucleated fra^ents are unable to 
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react as do nucleated fragments (Hofer, 1890, Willis, 1916). Jen- 
nings’ careful observations, which led him to the conclusion that the 
protozoon organism always acts as a whole is fully confirmed by 
these later observations and experiments.* 





Fig. 86,— Merotomy in Euploiea patella. (After Taylor.) a./., anal cirri fibers; m., 
motorium; m./., membranelle fiber. (See also Fig. 57.) 


C. Nutrition.— Under the- heading nutrition are included all 
physiological processes involved in the replacing of substances 

* For discussion of different types of stimuli and the resulting reactions by Pro- 
tosoasee Minohin (1912), Khainsky (1910), Mast (1910-1918), Ptltter (1900, 1903), 
Jennings (1904, 1909). 
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exhausted by destructive metabolism. Groups of activities includ- 
ing: (1) Food-getting; (2) digestion and secretion; (3) assimilation; 
(4) defecation, find their place here. The specialized structures 
adapted for these various activities have been described for the most 
part in the preceding chapters, and the following is supplementary 
in nature dealing with the functions which these structures perform. 

1. Food-getting.— The varied methods by which Protozoa acquire 
the needed materials for replenishing protoplasmic substances 
reduced by oxidation are all correlated with the phenomena of 
irritability. The particular method employed by any one type of 
organism is probably the result of many factors of organization and 
adaptation combined with mode of life, all of which are traceable 
to adaptations resulting from the effects of external stimuli and 
response through irritability. It would indeed be remarkable, 
considering the endless variety of endoplasmic and c^ortical differen- 
tiations, were we to find a common method of food-getting amongst 
the Protozoa. On the contrary, it is probable that no two types 
of organism follow an identical method. Nevertheless it is possible, 
and it is certainly convenient, to group these manifold activities 
under a comparatively few main types which are designated: 
(1) Holozoic nutrition; (2) saprozoic nutrition; (3) autotrophic or 
holophytic! nutrition; (4) heterotrophic nutrition. Many authorities 
introduce a fifth type under the caption parasitic nutrition, but as 
this does not differ in principle from saprozoic nutrition, it is included 
with the latter type. 

While these terms apparently indicate different modes of nutri- 
tion, the differences have to do in the main with the nature of the 
raw materials taken in and the subsequent processes necessar,>" for 
their elaboration. Thus holozoic nutrition in Protozoa as in 
Metazoa involves the ingestion of raw materials in the form of 
proteins, carbohydrates and fats which are usually combined 
in the protoplasm of some other living organism eaten as food. 
It is an expensive method of acquiring raw materials for it neces- 
sitates capture and killing of living prey, preparation and secre- 
tion of digestive fluids and ferments necessary to make the proteins 
and carl)ohydrates soluble, and disjwsal of the undigestible- residue.. 
On the other hand, it assures the supply of capital in the form of 
chemical energy without the labor of storing it up. Saprozoic 
nutrition is, so to speak, a more economical method, for the organism 
does aAvay with the elaborate processes of secretion and digestion 
and relies upon the activities of Other organisms for the prepara- 
tion of its raw materials and the ^'storage of energy.” Dissolved 
proteins and carbohydrates made soluble through the agency of 
bacteria and other organisms in infusions, or prepared by the diges- 
tive processes of the host in the case of parasites and some com- 
mensals, are absorbed directly through the body wall or through 
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special receptive regions, by endosmosis. This type of food-getting 
may be regarded as a degeneration or adaptation of the holozoic 
method, the specialized absorptive areas being reminiscent of former 
mouths, while the pathogenic effects of some types of parasites are 
interpreted as due to the secretion by the parasite of digestive 
fluids which cause cytolysis of the host cells. Holophytic or auto- 
trophic nutrition, characteristic of the green plants, is quite differ- 
. ent in principle from the other two. Digestive processes typical 
of the majority of animals, as well as the intake of splid or dissolved 
food, are absent. A highly labile substance, chlorophyll, is manu- 
factured in the presence of light and usually by specialized plastids— 
chromoplastids— of the cell. Chlorophyll is very sensitive to light 
and in some way not yet understood is instrumental in utilizing the 
radiant energy of the sun to form complex, energy-holding com- 
pounds. Plants thus become the great banking house for animals 
and their capital is the apparently inexhaustible energy of the sun. 
Only those Protozoa with chlorophyll, standing on the boundary line 
between plants and animals, have this power to directly untilize the 
sun’s energy (see infra p. 197). Heterotrophic nutrition, finally, is 
characteristic of those Protozoa which combine any two of the above 
methods of acquiring raw materials. Some forms combine holozoic 
with saprozoic methods; others holozoic and holophytic; others 
saprophytic and holophytic, and some combine all three. 

(a) Holozoic iVti^n/ion.— The great majority of Protozoa are 
holozoic in their methods of food-getting, and we may distinguish 
two main groups, the continuous feeders, and the occasional feeders. 
Continuous feeders are those forms with permanently open mouths 
through which a constant current of water is maintained by action 
of the peristomial motile apparatus (see p. 147). Minute forms of 
life, especially Bacteria, are carried by these currents into the endo- 
plasm where they undergo digestion in improvised stomachs or 
gastric vacuoles (see p. 187). The majority of ciliates belong in 
this group including many of the holotrichous and all of the hypo- 
trichous, heterotrichous and peritrichous ciliates. 

The occasional feeders, like carnivorous types of Metazoa, feed 
whenever- chance brings prey within the radius of their activity, 
and many of them, like cannibals, are guilty of feeding at times upon 
their close relatives (Maupas, 1883, Joukowsky 1898, Dawson 
1919, Lapage 1922). In some cases balloon-like membranes are 
unfolded and spread out like sails for the direction of food currents 
to the mouth as in Pleuronema chrysalis. Such forms are interme- 
diate between the constant and occasional feeding types. In other 
cases great net-like traps are spread for the capture of unwary 
diatoms, desmids or smaller Protozoa, as in the Foraminifera (Fig. 
87). In other cases the microscopic hunters, like men in shooting 
boxes, lie in wait for their prey. Here long tentacles . usually 
12 
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radiate out from the body in the surrounding water as in Actinobolus 
radians or in Suctoria, until a victim comes in contact with one or 
more of the outstretched processes (Fig. 81, p. 154); in the same 
way axopodia of the Heiiozoa capture chance organisms -which 
serve as food (Fig. 88). 



Fio. 87 . — AUogromia omformct foraminiferon with chitinous monothalamous shell 
and reticulose pseudopodia. (i>) a recently captured diatom; {S) chitinous shell. 
(From Calkins after M. Schultze.) 

The most interesting of these holozoic types are the predatory 
forms which hunt their prey and capture them, while in full motion. 
The small, but powerful ciliate, Didinium naautum belongs in 
this group. It darts here and there with an eccentric movement 
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while rotating at the same time on its long axis. In these sudden 
darts, it strikes a Paramecium or other ciliate purely at random, 
the proboscis with seizing organ is buried in the victim which 
is then swallowed whole (Figs. 88, C, and 89, 1-6). lAonotus 
fasciola, Spathidium epathula and other gymnostomatous ciliates 
capture living organisms in a similar way (Fig. 90) while less 
spectacular methods are employed by Frontonia leucas, Ophryo- 
gkna flam, Prorodon nitevs, etc., in swallowing diatoms, desmids 
and other relatively stationary organisms. » 



Fio. 88. — Types of food getting. A, Raphidiophrys clegans (after Peuard); B, 
Oicomonas termo (after IMitschli); C, Didinium nasulum (after Bfitschli); /, Food 
particles; in C, Paramecium is captured and eaten. 


A special type of food-getting, illustrated by the Hhizopoda, may 
be interpreted in some cases as the result of physical properties of 
semifluid bodies. Hhumbler has made the most exhaustive studies 
of food ingestion in these forms and distinguishes four types, viz: 
Ingestion by (1) “circumvallation,” (2) “circumfluence,” (8) “invag- 
ination” and (4) “importation.” Food taking by “circumvallation” 
is illustrated by Amoeba proleus and usually takes place at that por- 
tion of the body which, for the time being, is posterior. According 
to Hofer (1889), Schaeffer (1917) and others, the body becomes 
anchored to the substratum by the secretion of an ectopIa.smic 
gelatinous substance; then, through the physical stimulus (Schaeffer, 
1917) produced by a moving object (even a moving needle point 
according to Verworn 1889), walls of protoplasm flow out on either 
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Fig. S0,'-Didinium naautum O. F. M. capturing and swallowing Param^um 
cmdatum, 1 to 6, Successive stages in the ingestion of Paramedum; 7, section of 
conjugating form of Didinium with spindlerform gastric vacuoles (?), and two micro- 
nuclei in mitosis ; 8, section of Didinium just prior to encystment. The seizing organ 
with zone of trichocysts.is protruded from the mouth; and rhizoplasts run from the 
membranul© (motile organs) deeply into the cell. (After Calkins.) 
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side of the object and meet around it, thus enclosing a rotifer, an 
ArceUa, a diatom or other food body. Ingestion by • “circum- 
fluence” appears to be du6 to a stimulus emanating from a living 
food body, the effect of which through the motor response (Jennings, 
1904) is to cause pseudopodia to flow toward the prey and to entrap 
it while still at some distance from the body of the captor as in the 
testate rhizopods and Foraminifera. “Invagination” occurs in 
forms having a somewhat resisting periplast-like ectoplasm such as 



Fig. 90. — Two types of ciliated carnivores. A, Spalhidium apcUhula about to 
ingest a Colpidium colpoda; B, Lionotua fasciola swallowing a Colpidium colpoda, 
(Original.) 


AmcAa terricdla according to Grosse-Allermann (1909). When a 
living organism comes in contact with the surface at any point, the 
local ectoplasm with prey attached sinks into the endoplasm as 
though “sucked” in, the ectoplasmic walls being transformed into 
endoplasm, while the ectoplasm about the area of ingestion comes 
together sphincter-like, and fuses again to a smooth surface. So, 
too, in A. proteus where, according to Mast (1916 and 1923) and 
Beers (1924) the sphincter-like ingesting area is powerful enough to 
cut in two organisms like Paramecium and Frontonia. Ingestion 
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by “importation” finally occurs when a food body, without apparent 
movement on the part of the Amoeba, merely sinks into the proto- 
plasm of the captor as in Amoeba dofleini according to Neresheimer. 

In most of these types, which grade more or less into one another, 
the process of food ingestion may be interpreted as due to local 
liquefaction in the more solid ectoplasm, and to speeial conditions 
of capillarity in the more fiuid endoplasm. Rhumbler has shown 
that a filament of Oscillaria which enters Amoeba verrucosa by 
“importation” and is too long to be entirely engulfed, becomes coiled 
up as a result of the physical properties of the protoplasmic mass. 
In a similar way a filament of shellac may be drawn from water 
into a chloroform drop in which, by variations in surface tension, it 
becomes rolled up in a strikingly similar manner. 

Some of these methods of food-getting in holozoic types are .sug- 
gestive of “conscious” activities to a given end. Thus ingestion by 
“cireumfluence” suggests preliminary activities in anticipation of 
a “square meal.” Or traps formed by pscudopodia or by tentacles, 
or the balloon sails of Pleuronema chrysalis, etc., might be regarded 
as “set” by Protozoa for the purpose of catching food. Such inter- 
pretations, however, are more probably evidences of a tempera- 
mental imagination on the part of the observer than of purposeful 
activities on the part of these minute organisms. “Sensing” at a 
distance has been described for Amoeba (Schaeffer, 1912), and for 
Sj)atkidium spathula (Woodruff and Spencer, 1922), and until these 
phenomena are explained they will continue to serve as a basis for 
such speculations. 

The so-called “selective” activities of some Protozoa in their 
apparent choice of food or of building materials for their shells are 
likewise better interpreted as the outcome of physical conditions of 
the protoplasm than as purposeful actions of the organisms. 
Schaeffer (1917) attributes the power of discrimination in food- 
taking to Amoeba, as does Metalnikoff (1908), to Paramecium, a 
conclusion vigorously opposed by Wladimirsky (1916), who inter- 
prets negative reactions as a result of depression (fatigue?) of their 
physiological condition. AcHnobolus radians apparently chooses, 
from a great number of miscellaneous forms, one particular species 
to harpoon, paralyze and swallow. “This remarkable organism 
possesses a coating of cilia and protractile tentacles which may be 
elongated to a length equal to three times the diameter of the 
body, or withdrawn completely into the body. The ends of the 
tentacles are loaded with trichocysts. When at rest the mouth is 
directed downward and the tentacles are stretched out in all direc- 
tions, forming a forest of plasmic processes among which smaller 
ciliates, such as Urocentrum turbo, Gastrostyla steinii, etc., or 
flagellates of all kinds may become entangled without injury to 
themselves and without disturbing the AcHnobolus or drawing out 
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its fatal darts. When, however, an Halteria grandinella, with its 
quick, jerky movements, approaches the spot, the carnivore is not 
so peaceful. The tentacles are shot out with unerring aim and 
the HaUeria whirls around in a vigorous, but vain, effort to escape, 
then becomes quiet, with cilia outstretched, perfectly paralyzed. 
The tentacle with its prey fast attached is then slowly retracted 
until the victim is brought to the body and swallowed with one gulp. 
Within the short time of twenty minutes I have seen an Adinobolus 
thus capture and swallow not less than ten Hdterias." (Calkins) 

While these observations do not prove that A(Mmbolm radians 
eats nothing else, it is certainly true that the usual fqod is Halteria 
grandinella, a fact which may account for the rarity of Adinobolus. 
That it thrives on Halteria is proved by the fact that isolation cul- 
tures of Adinobolus have been maintained for a period of eight 
months and through 375+ generations by division during which ^e 
only food supplied was a daily ration of 2 to 3 dozen individuals of 
HaUeria grandineUa independent pure “mixed” cultures of which, 
with bacteria, were maintained at the same time. In these cases 
it is quite probable that the motor response due to some specific 
chemotactic stimulus is responsible for the apparent “choice” of 
food by Adinobolus, and chemotactic or thigmotactic stimuli for 
food capture by “drcumfllience,” “circumvallation” and “importa- 
tion.” 

A certain degree of selection is forced upon some Protozoa by the 
limitations of their mouth parts. Forms like Didinium, Spathi- 
dium, lAonotus, etc., with distensible mouths, can handle organisms 
of various sizes, but forms like Paramecium, Dileptus, SpirosUmum, 
etc., with small inelastic mouths are constrained to “select” small 
objects for food. Here there is no apparent choice between nutri- 
tious and innutiitious particles, carmine or indigo granules being 
taken in with the same initial avidity as bacteria or other useful 
foods. A certain so-called “hunger-satisfaction,” however, leads 
to the cessation of food-taking in many organisms. Thus Adino- 
bolus radians often captxues and paralyzes more Halterias than it 
actually eats; on one occasion, for example, an individual was seen 
to catch 18 Halterias, 11 of which were swallowed while a small 
group of 7 were abandoned uneaten, when the Adinobolus swam 
away. 

Amoeba proieus, after a period of eating no longer reacts to the 
stimulus of living food substances, and apparently ignores types 
which were previously engulfed (Schaeffer) . So, too, in Paramecium 
and Stentor, Metalnikoff and Schaeffer describe an apparent selection 
of food as illustrated by the rejection of carmine granules after a 
period during which such granules were actually taken in. It seems 
probable that such phenomena indicate a type of fatigue involving 
the temporary loss of irritability through which the organism 
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responds to stimuli produced by the chemical make-up of foreign 
substances, a period of rest being necessary for the restoration of 
this form of irritability. Selection in another sense, however, is 
quite important. All kinds of food substances are not equally suit- 
able for Protozoa any more than they are for individual men. This 
may be due to the fact that di^stive fluids of a given type of ciliate 
or rhizopod are not adequate to dissolve all kinds of protein; or 
it may be due to deleterious substances in the protoplasm of the 
prey. All observers who have attempted to raise Protozoa in pure 
ciiltures are familiar with the difficulty of providing the proper food 
materials and excluding the harmful. Unsuccessful culture experi- 
ments indicate that these conditions have not been met. Further- 
more, a culture medium is suitable only when the organism pnder 
cultivation continues to live during all phases of its life cycle. 
The failure of Calkins (1912) to rear a single exconjugant of Bleph- 
arisma undulans, or of Baitsell (1912) to raise exconjugants of 
Siylonychia jmaiulata are cases in point. The difficulties encoun- 
tered in attempts to cultivate SfirosUmum ambiguum or Stentor 
eoerulevs are probably due to failure to find a suitable food or oxygen 
medium."' In some cases it is quite probable that a variety of 
proteins is necessary for the best cultural results. Hargitt and 
Fray (1917) and Phillips (1922) have shown that Paramecium will 
live on pure cultures of bacteria, but for active development they 
found that mixed pure cultures of certain types of bacteria give 
the best results. 

Apparent selection of foreign objects used in shell building may 
be due to the phyacal consistency of the protoplasm and to its 
ability to pick up foreign bodies like sand crystals, diatom shells, 
etc., or in part to the size of the shell-opening through which such 
objects must pass for storage in the protoplasm. Mud and other 
fine particles of inorganic matter, like carmine granules, are engulfed 
with bacteria and other microbrganisms which produce the stimulus 
necessary for the operation of food-taking. After the useful sub- 
stances are digested the residue, like castings of worms, may be 
voided to the outside or they may serve a useful purpose in the 
construction of shells. Rhumbler (1898) was thus able to cause 
Difflugia to build its shell of finely-ground colored glass. 

A special kind of holozoic food-getting is illustrated by the Suc- 
toria which, instead of cilia, are provided with suctorial tentacles 
(Fig. 91). The prey, usually some form of ciliated Protozoa, comes 
in contact with one of these tentacles and is paralyzed through the 
action of some kind of poison contained in it. The cortex of the 
prey is perforated by the end of the tentacle and the fluid endoplasm 
is sucked into the bpdy of the captor, a stream of granules being 


* See note, page 25. 
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visible within the tentacle. In some cases it is said that the endo- 
plasm of the captor flows through the tentacle and into the body sub- 
stance of the prey where the latter is digested (Maupas, 1883). The 
body of the victim gradually collapses until nothing remains but the 
denser walls and the insoluble parts. 

Many of the Protozoa, while parasitic in the cavities and cells of 
different animals, retain the holozoic method of food-getting, feeding 
upon parts of the protoplasm of the host or upon other living organ- 
isms such as bacteria of the digestive tract, or solid detritus of 
one kind or another. Thus Kndamceba coli lives on intestinal 
bacteria, while Endamceba dysenteries, Craigia hominis, etc., engulf, 
with other food substances, red blood corpuscles and digest them. 
According to Haughwout (1919), the flagellate Pentatrichommas 
sp. likewise ingests red blood corpuscles. In the majority of pro- 
tozoan parasites, however, the organisms do not digest the h)od 
necessary for the growth of their own protoplasm. They practically 
live in a huge gastric vacuole and are surrounded by food already 
digested or partly digested, which is absorbed by osmosis through 
their body walls. Doflein thinks that such food substances, if not 
appropriate for the up-building of protoplasm of the parasite, may 
be made suitable by the secretion from the parasite of special diges- 
tive substances and is ready for absorption after the action of such 
secretions. He further suggests that the cytolytic action upon cells 
and tissues of the host may be due to such secretions (for example 
Endamceba dysenterke) and that other toxins of pathogenic Protozoa, 
probably enzymatic in their activity, may be similar digestive secre- 
tions from the parasites (see p. 190). 

Secretions and Digestive Fluids.— VtoAncis of metabolic activity 
in the form of secretions and precipitations play most important roles 
in structure and activities of all kinds of Protozoa. Skeletons, shells 
and tests, gelatinous mantles, stalks, cyst and spore membranes, 
and the like are all evidences of the secretory activity of the proto- 
zoan protoplasm (see Chapter III). There is evidence that these 
activities, like secretory artivity of the gland cells in Metazoa, are 
dependent upon the general function of irritability and that specific 
secretory response follows a specific stimulus. Thus Breslau (1921) 
finds that gelatinous mantles or tubes about Colpidium colpoda may 
be called forth at will by the use of certain chemicals (iodine, fatty 
acids). If fatty acids are used, the individuals, as in artificial 
parthenogenesis, must be replaced in a suitable medi\im before the 
membranes are formed. Enriques (1919) gives evidence to show 
that the secretion of stalk material in Anthophysa vegetans depends 
upon the quantity of food available. Stimulation, through the 
agency of foreign proteins, is without much doubt responsible for 
the secretion of digestive fluids and ferments in holozoic nutrition, 
and considerable advance has been made in our knowledge of intra- 
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cellular digestion. This advance has been due mainly to the appli- 
cation of the method first devised by Gleichen (1778) of introducing 
into the body with food substances, inorganic, usually colored par- 
ticles, which clearly outline the limits of the digestive cavities. These 
cavities, early termed gastric vacuoles, were recognized as digesting 
centers of the organisms, and Gleichen’s method, employed by 
Ehrenberg (1833-1838) led to his elaborate and at first widely 
accepted, but erroneous, conception of the Polygastrica. Modern 
applications of this method consist in the introduction with the 
food of delicate chemical substances, or indicators, which change 
in color according to the acid or alkaline nature of the fluids in 
which they lie. The observations of le Dantec (1890), Fabre- 
Domergue (1888), Metschnikoff (1889), Greenwood (1887-1894), 
Nirenstein (1905), Khainsky (1910), and Metalnikoif (1903, 1912), 
together with the study of extractives by Mesnil (1903), Mouton 
(1902), Metschnikoff (1893), Krukenberg (1886), Hartog and 
Dixon (1893), etc., have given a fairly comprehensive idea of the 
processes of intracellular protein digestion in Protozoa. Another 
group of observers including Meissner, Greenwood and Saunders, 
Stol? (1900), Wortmann (1884), Celakowski (1892), Nirenstein, 
etc., have shown the digestive possibilities in relation to carbo- 
hydrates and fats. 

The majority of Protozoa which ingest “solid” food take in at 
the same time more or less water, which forms the gastric vacuole. 
Thus in trichostomatous ciliates a vacuole is formed at the base of 
the cytopharynx which varies in size according to the abundance 
of food particles present. In Paramecium caudatum the vacuole, 
when formed, becomes spindle-shape as though pulled away from 
the gullet by endoplasmic force, but it soon becomes spherical as 
it moves about in the fluid endoplasm (Nirenstein, 1905). With the 
ingestion of larger food bodies such as infusoria, flagellates of larger 
size, diatoms, rotifers, etc., comparatively little water accompanies 
the prey. Paramecium caudatum when eaten by Didiniurn naeu- 
tum, for example, lies in close contact with the protoplasm of its 
captor and no water at all can be made out (Fig. 89) . In such cases 
the ingested organism is paralyzed and therefore motionless when 
swallowed, but it very often happens that resistant food bodies 
continue to struggle after they have been taken into the protoplasm; 
rotifers, for example, are usually not motionless when engulfed by 
Amoeba proieua. In such cases a considerable volume of water 
gives the prey ample room to move without danger to the make-up 
of the captor. In other cases in which water does not appear to 
be taken in with the food, the latter becomes surrounded by fluids 
secreted by the protoplasm. 

With many types of Protozoa the process of digestion begins 
before the living prey is taken into the protoplasm of the captor. 
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Thb is manifested in most cases by tiie paralysis of the victim when 
it comes in contact with pseudopodia of many rhizopods and 
Heliozoa, Ehrenberg (1833) for Adinophrys sol; F. E. Schultze 
(1875-1876) for AUogromia and PolystomeUa; Winter (1907) for 
Peneroplis, etc., with tentacles of Actmobdus radians Moody (1912) 
Calkins (1901), or of Suctoria, or with the proboscis of Didinium, 
nasutum, Thon (1905), Mast (1923), Calkins (1915). In some 
cases, at least, it is not improbable that this paralyzing killing sub- 
stance is analogous to, if not the same as, the digestive fluids whidi 
kill bacteria and other prey after they are taken into the body proto- 
plasm. Thus bacteria become motionless in about thirty seconds 
after the gastric vacuole is detached from the cytopharynx of 
Paramecium caudatum (Metalnikoff, 1903 and 1912). The color 
chants of chemical indicators, for example, alizarin sulphate, show 
that the killing agent is acid in nature; this was early detected by 
Greenwood and Saunders (1894), who interpreted it as a mineral 
acid without further specification. Later observers have confirmed 
this suggestion, Nirenstein, Metalnikoff and others showing that 
digestion in the vacuole is a process which is divisible into two 
periods, in one of which the reaction of the vacuole contents is 
acid, while in the other it is alkaline. The acid reaction lasts for 
about fifteen minutes, according to Nirenstein and Metalnikoff, 
in the gastric vacuoles of Paramecium, but Kbainsky concluded 
that the acid reaction is maintained during the entire period of 
digestion, becoming alkaline only after the dissolution of the protein 
substances is at an end. • In other cases, however, no acid reaction 
at all can be demonstrated. Thus, Metalnikoff, also in the case of 
Paramecium, foimd that some vacuoles never give an acid reaction; 
others much more rarely show an acid reaction throughout, while 
still others in the same organism are first acid and then alkaline. 
Minchin (1912) suggests, in connection with this diverse history of 
vacuoles in the same species, that different food substances incite 
different responses on the part of the protoplasm much as different 
antibodies are formed from cells of the Metazoa in response to 
toxins from different types of pathogenic parasites. No acid has 
been demonstrated in gastric vacuoles of AcUnosphcerium dchhomii 
or in Amceha proteus (Greenwood), nor could Metschnikoff find it 
in Noctiluca miliaris or Euplotes. This may be correlated with 
the fact that in the rhizopods and Heliozoa at least the prey is 
killed upon contact with the pseudopodia, or body protoplasm, 
the killing agents in such Cases perhaps corresponding with the 
acid secretion of ciliates during the first stages of digestion. 

From the number of different ferments which have been isolated 
from different types of Protozoa, it is quite probable that digestion 
does not take the same course in all types. Pepsin-like ferments, 
which dissolve albumins in an acid meditun, . were isolated by 
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Krukenberg (1886) from the Mycetozoon Mthalium sepUcum, and 
by Hartog and Dixon (1893) from the amoeba PeUmyxa palnstris, 
while Metschnikolf (1889) showed that the food vacuoles in the 
plasmodia of Mthdium have an acid reaction favorable to the activ- 
ity of such ferments. Trypsin-like ferments have likewise been 
isolated by Mouton (1902), from soil amoeba cultivated in large 
numbers on agar; also diastatic ferments were easily obtained from 
BalanHdium coli by Glaessner (1908), and from PeUmyxa paluatris 
by Hartog and Dixon (189.3). 

The typical course of a gastric vacuole through the endoplasm of 
ciliates has been carefully worked out by Greenwood and by 



Fig. 92. — Carchesium polypinum f History of food vacuole; (o) staRc of storage 
and little change; (b) stage of acid reaction; (c) neutral reaction. (After Green- 
wood.) 


Nirenstein for Carcheaium and Paramecium caudatum (Fig. 92). 
Prowazek (1897) staining with neutral red found a collection of 
red granules about the gastric vacuole; similar granules were 
observed by him and by Nirenstein (1905) to pass into the gastric 
vacuole and to mix with the food substances from which circum- 
stance they were regarded by both observers as the bearers of 
ferments (trypsin-like according to Nirenstein). The so-called 
Excretperlen (excretory granules) first described by Prowazek 
(1897) and interpreted by him, by Nirenstein and by Dofiein (1916) 
as furnishing evidence of excretion through the general cell mem- 
brane, may be with equal justification inteipreted as secretory 
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granules. If the neutral red staining, granules about the gastric 
vacuoles are bearers of ferments as maintained by Prowazek, they 
certainly are secretory in nature. There is some uncertainty, 
however, as to the identity of these with the so-called excretory 
granules. The more recent experiments of Slonimski and Zweibaum 
(1922) show that there are two types of these granules which they 
call A and B, and that the peripheral granules (B) which exude from 
the membrane vary in number and size according to external con- 
ditions of temperature and internal conditions of vitality, being 
rare or absent prior to conjugation. The nature of these varying 
granules and their function in metabolism are unsolved problems 
at the present time. 

In connection with secretions we may take into consideration 
the various poisons produced by Protozoa either in the form of 
toxins exuded by the individuals and soluble in the surrounding 
medium, or in the form of endotoxins which are liberated only 
when the individual is disintegrated. What little is known about 
these secretions is mainly in connection with parasitic forms and 
here knowledge is limited to the effects produced upon the host. 
In general it may be stated that, if we except the toxins produced 
by the so-called Chlamydozoa (particularly smallpox and rabies 
organisms), the poisons of protozoan origin are much slower and 
indefinite in their action on the host than are bacterial toxins, and 
the course of the specific diseases caused by pathogenic protozoa is 
relatively much slower than diseases caused by bacteria. Rela- 
tively few toxins of protozoan origin have been extracted and used 
in experimentation. One such, called sarcocystin, was obtained 
from sarcosporidia by Pfeiffer and Gasparck and by Laveran and. 
Mesnil (1899). The latter found that rabbits are soon killed by 
the blood injection of sarcocystin in glycerin solution, also that 
crushed cysts give rise to characteristic pathological effects in the 
muscles, whereas no such reaction accompanies the presence of 
uninjured cysts. 

Filtered blood of malaria victims, if taken at the height of parox- 
ysm and injected into a malaria-free individual, produces in the 
individual a characteristic malarial paroxysm according to Rosenau 
and his co-workers, and analogous “paroxysm toxins” have been 
detected in connection with other blood parasites. Such experi- 
ments indicate that toxins from malaria organisms produce rather 
intensive effects of a generalized character. 

Toxins from organisms of amccbic dysentery are more regional 
in their action, causing local ulceration and abscess formation indi- 
cating a cytolytic process possibly due to secretions of digestive 
fluids. There is stUl some uncertainty, however, in regard to this 
matter, and the possibility of participation by bacteria in the 
reactions is not excluded. 
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Notwithstanding the serious diseases in man and mammals 
generally due to trypanosomes, there is very little positive evidence 
that secretions are responsible for the effects produced. Experi- 
ments with extractives from trypanosoma brucei by Kanthak, 
Durham and Blanford, and by Laveran and Mesnil, gave no 
indication of toxic effects. On the other hand, Novy and MacNeal, 
injecting dead Trypanosoma brucei in guinea-pigs obtained definite 
fever symptoms, loss of weight and local ulcerations which, however, 
they did not trace to the effects of a specific toxin. * 

Somewhat more positive evidence is accumulating in regard to 
the possibility of endoenzymes locked up in the trypanosome proto- 
plasm and liberated on disintegration. Thus a number of observers, 
amongst whom may be enumerated MacNeal, Plimmer, licber, 
Martin and others, have interpreted the rise in temperature of 
organisms with trypanosomiasis as due to the presence of endotoxins, 
freed in the blood upon death and disintegration of trypanosomes 
resulting from treatment with medicaments. Also Uhlenhuth, 
Woithe, Hiibener and others have concluded that endotoxins fatal 
to rats arc liberated if blood containing Trypanosoma equiperdum 
is first dried, then dissolved again and injected into rats. Schilling, 
Braun, TeieWann, on the other hand, got no reaction upon injecting 
dead pathogenic trypanosomes into the peritoneum or subcuta- 
neously. 

In all of these cases, with the exception of sarcocystin, the evi- 
dence in favor of the secretion of exotoxins or the presence of 
endotoxins, is purely circumstantial and verification by chemical 
and biological methods with exclusion of other possible contributing 
factors has not yet appeared. 

Other indirect evidence of the presence of toxins is furnished by 
the immunity reactions of different hosts in which the presence of 
antibodies may safely be inferred. In some cases, e. g., coast fever, 
many babesiases and various experimental trypanosome infections, 
the first onset may prove fatal. More frequently, however, proto- 
zoan diseases are not fatal at the onset; this is the case with most 
Trypanosoma, Leishmania and malaria infections in man and experi- 
mental animals. In rare instances after the onset all parasites in 
the blood are killed, but in the majority of protozoon diseases many 
of the parasites escape the reactions of the host and continue to 
live, either in the blood or in some organ where they are partially 
protected. These are responsible for the relapses and recurrences 
characteristic of many types of protozoon disease. 

As in bacterial diseases, so here the reactions of the host may be 
against the parasite (bactericidal), against digestive ferments or 
against poisonous secretions or toxins. In but few cases, however, 
are the actual substances and the specificity involved in such reac- 
tions, known or recognized. In several instances, as Laveran and 
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Mesnil have shown, human blood serum contains some substance 
which is fatal to many species of Trypanosoma pathogenic in other 
mammals, but harmless to Trypanosoma gamhiense, the cause of 
sleeping sickness. Such protective substances characteristic of 
natural immunity are developed in the host as a result of infection 
(acquired inununity) and are fatal to the specific organism causing 
their formation, or to the toxins produced by the organism. Several 
such antibodies are demonstrable in the blood serum of the host, 
after protozooif infection and disease. As shown by experiments of 
Rabinowitsch and Kempner with Trypanosoma hrucei, Klein and 
Mollers, with Trypanosoma hrucei, Nocard and Theiler with Babesia, 
etc. Further evidence is afforded by the formation of agglutinins 
called out by the presence of Protozoa. Here the results of Ro^le 
with free-living forms of Paramecium and Glaucoma are not con- 
vincing because of the impossibility of getting these organisms free 
from bacteria. With parasitic forms, however, the evidence of the 
presence of specific agglutinins called forth by infecting parasites 
is fairly strong. The agglomerations of trypanosomes describe<l by 
Schaudinn, by Laveran and Mesnil, and others for trypanosomes, 
are examples of this indirect effect of protozoon secretions. 

Like the hosts with their immunity reactions, so, too, the proto- 
zoan parasites may develop a resistance to the immunity reactions 
in the form of a counter-immunity. Thus atoxyl-fast, poison-fast, 
etc., races of Trypanosoma appeared in Ehrlich’s experiments, and 
many observers with free-living protozoa have shown the acquisition 
of tolerance towards poisons of different kinds, e. g., bichloride of 
mercury, arsenic, alcohol, etc. 

2. Digestion of Carbohydrates and Fufe.— Specific ferments for 
the transformation of starch into soluble sugar have not been 
isolated; nevertheless, the evidence that such action takes place is 
convincing. Curiously enough, this evidence does not apply to the 
Infusoria where very little digestion, beyond a slight corroding of 
starch grains, occurs. In rhizopods, however, especially in the 
amoeboid Pelomyxa and in species of Amaba, starch grains are 
entirely dissolved, according to the observations of Stole (1900) who 
found that the characteristic refringent granules of Pelomyxa 
palusbris have a very definite relation to carbohydrate nutrition. 
These granules (Glanzkdrper) are filled with glycogen,- the volume 
of which increases up to fourfold when the animals are fed with 
starch, and decreases to entire disappearance when they are starved. 
Even cellulose is said by Stol 9 to be digested by this organism and 
Schaudinn made the same observation on the Foraminiferon Cal- 
cituba polymorpka. In Foraminifera generally, according to Jensen, 
and in myxomycetes, according to Wortmann, Lister and Cela- 
kowsky, starch may be similarly digested. The flagellates, apart 
from chlorophyll-bearing forms, apparently have in some cases, at 
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least, the same power of dissolving starch. Thus, Protomonas 
amyli and PhyUomiiua aiiguatatua eat practically nothing but stardi, 
a fact indicating the action of appropriate digestion ferments. 
The Hypermastigidse which are abundant in white ants (termites) 
are unusual in their ability to digest cellulose. It has been shown 
that these flagellates live as symbionts with their termite hosts 
digesting the wood eaten by them by the aid of glycogen. The 
termites die if deprived by heating of their protozoan symbionts; 
the protozoa die if the wo^ diet of the termites is Stopp^ (Cleve- 
land, 1923). 

In no protozoon has the actual digestion of fat been observed. 
Under experimental conditions, ingested fats are carried along 
unchanged in the protoplasm. We cannot state arbitrarily, how- 
ever, that fats are not emulsifled and used as food. On the con- 
trary, it is difficult to account for the presence of oils and fat bodies 
in varying quantities in all groups of Protozoa under any other 
assumption, despite the negative results of Stamiewicz (1910) and 
of Nirenstein (1909). 

3. Dc/cca^iou.— Undigested and indigestible remains are disposed 
of by discharge into the surrounding medium, well-developed and 
permanent anal pores occurring in some forms (see supra) . Many of 
the products of assimilation are simUarly disposed of by defecation. 

(b) Saj)rozoic Nutrition.— In holozoic nutrition the food sub- 
stances are in the form of complex proteins, making up the bodies 
of the various organisms ingested. In saprozoic and saprophytic 
nutrition the food substances are less complex chemically, consisting 
of materials <lissulved out of the disintegrating bodies of animals and 
plants. These are taken in, not through the agency of specialized 
oral motile organs, nor through a deflnite mouth, but are absorbed 
through the body wall in most cases at a special receptive area near 
the base of the flagellum, as in Chilomonas paramecium (Fig. 46, 
p. 91). Many of the smaller tyi)es of flagellates obtain their nutri- 
ment in this way, extracts or infusions of animal or plant tissues 
containing various salts and organic compounds forming excellent 
culture media for such Protozoa. Nothing is known, however, of 
the chemical make-up of such fluid substances, nor is it known 
whether they are prepared for absorption by chemical processes 
due to the activity of the receptive organbm; nor is there any 
evidence .to indicate processes of digestion subsequent to their 
absorption. 

Very little advance has been made in the matter of saprozoic and 
saprophytic nutrition. The general assumption, based upon the 
thriving cultures in infusions of disintegrating animal and plant 
matter, has been that dissolved proteins are taken into the proto- 
plasmic bodies of many kinds of Protozoa by absorption through the 
general cortex or through some specialized region for the purpose. 

13 . 



194 


BIOLOGY OF THE PROTOZOA 


The biochemistry of the process is practically unknown, and few 
mgieriments on strictly saprozoic forms have been made. Khawkine 
(1885, 1886) was apparently the first to demonstrate that chloro- 
phyll-bearing flagellates (Euglena) can live more or less perfectly 
as saprozoic organisms. This was further elaborated by Ziunstein 
(1600), who showed that Euglena gracilis can live in a colorless and 
in a chlorophyll-bearing condition. It was long since suggested 
hypothetically, and later verified experimentally, that organic 
matters are taken into green flagellates from the surrounding 
medium. Zumstein endeavored to find out whether such organic 
matters consist of carbon compounds, or nitrogen and ammonia 
compounds, and found that in a bacteria-free medium, peptone 
with the addition of some carbohydrate gave the best results. 
Temetz (1912), confirming Zumstein's main results, found that the 
best sources of nitrogen were asparagin, glycocoll, and alanin, while 
ammonia compounds were generally detrimental. 

From such experiments, it appears probable that saprozoic forms 
of Protozoa get their main nourishment from amino-acids derived 
from disintegration of animal and plant matter through the agency 
of bacteria, and from carbohydrates in solution. The necessary 
mineral matters are obtained from the surrounding alkaline medium. 

In this connection, it is important to consider the possible inter- 
action of excretion products of different Protozoa upon themselves 
and upon each other, as well as the effects of products of bacterial 
action. It has long been known that isolation cultures are fre- 
quently threatened by the growth of detrimental bacteria. On 
a priori grounds it is not improbable that excretion pro<lucts of 
Protozoa themselves may have such an effect. Woodruff (1912, 
1913) has studied this problem in connection with Paramecium 
aurelia and the hypotrichous ciliates, StyUmychia pustvMa and 
Pleurotricha lanceolata, and found that Paramecium when placed 
in filtered medium, which had contained enormous numbers of 
Paramecium in pure culture, were manifestly weakened in vitality. 
Similarly the hypotrichs when placed in filtered medium which had 
swarmed with hypotrichs, showed a weakened vitality. When, 
however, Paramecium was placed in filtered hypotrich culture 
medium, the result was an increased vitality. Woodruff concluded 
that excretion products from Paramecium are detrimental to 
Paramecium, and hypotrich products to hypotrichs, while the 
latter products have a somewhat stimulating effect on Paramecium. 
This may be, as Woodruff suggests, of some importance in deter- 
mining the sequence of protozoon forms in a limited environment 
such as hay infusion. 

Parasitic nutrition is not a specific form of nutrition and refers 
to the effect upon a host, rather than to any physiological activity 
of the parasite itself. Nutrition of parasites, indeed, may follow 
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any tj’pe of nutrition of free-living forms with the exception of auto- 
trophic nutrition, and even this seems possible with intestinal para- 
■ sites of the tadpole (Hegner, 1923; Wenrick, 1924). Holozoic 
nutrition, or the engulfing of solid particles of protein substance, is 
found in Endamceba dysenteria, Craigia hominis, etc., which ingest 
bits of tissue and red blood corpuscles. The equivalent of saprozoic 
nutrition, called osmotic nutrition by Doflein, is a more common 
form. It is quite possible, although not proved, that some parasites 
such as the pathogenic amoebee, secrete proteocl^stic ferments 
which digest tissue elements outside of the amoeba protoplasm and 
then absorb the digested product by osmosis. Such a process might 
account for the characteristic lesions in the liver or intestine during 
amoebic dysentery. The majority of protozoan parasites, however, 
apparently live upon the products of digestion as prepared by the 
host, the digestive tract being in effect one huge gastric vacuole. 
Many intracellular parasites intercept similar digested food material 
destined for tissue cells at the end stage of its journey (Coccidia, 
Hsemosporidia, hsemoflagcllates, intracellular flagellates, Myxo- 
sporidia, etc.). Others live upon products of tissue metabolism 
which are absorbed by osmosis, as in lumen dwelling forms, or on 
products of cell activity as in hemoglobin absorption by malaria 
organisms, liabesim, etc. In such cases, it is unknown whether the 
parasite selects particular substances from its environment, or 
prepares its food by the secretion of digestive fluids. 

Specific structural adaptations, useful in such methods of food- 
getting, are diaracteristic. Ilaustoria-like processes, derived from 
the epimerites of gregarines, in some cases extend deeply in the 
tissue cell (Stylorhyncus longicoUis, Echinomera hispida, Pyxinia 
mcebivszi, etc., Fig. 93). The coccidian Caryotropha wemili, 
according to Siodlecki, shows a significant relation between the 
nucleus of the host (roll and that of the para.site. This organism is 
a parasite in the spermatozoa of the annelid Polymnia nehvhsa 
where the si)erm cells are aggregated in bundles in the character- 
istic annelid fashion, usually about a feeding mass or blastophore. 
The parasite gets into such a cell as an agamete or sporozoite, 
one only of the bundle, as a ride, being infected, and as it grows 
the nucleus of the cell is displaced to one side and the cell loses its 
charactoistic structure, becoming hypertrophied and distorted 
(Fig. 93, 2). Not only the infected cell but all the other cells of the 
spermatogonia bundle are affected, and none of them continues the 
normal development, but they become arranged like epithelial cells 
about the hypertrophied infected cell. 

The specific effect of the young Caryotropha on the infected ceil 
consists not only of the enlargement of that cell, but of a definite 
feeding mechanism by which the parasite is supplied with food. 
That the nudeus is a center of constructive metabolic changes is 
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well assured at the present day, and the conditions in these para- 
sites suggests the peculiar relation which Shibata (1902) has de-^ 
described in the intracellular mycorhiza, where a mycelium thread* 
is grown straight toward the nourishing cell nucleus of the host, 
causing marked hypertrophy on the part of the cell. In Caryo- 
tropha, the nucleus of the host cell is pushed to one side and the para- 
site assumes such a form that the nucleus lies in a small bay (Fig. 
93, 2n). In the cytoplasm of the cell an intracellular canal is then 
formed which runs from the host nucleus to the nucleus of the para- 
site, and Siedlecki holds that the food of the parasite is all elab- 
orated by the nucleus of the host cell, while the other spermatogonia 



Fio. 93.— Food-getting adaptations of Sporozoa. 1, Pyxinia mobiuttzi with epi- 
merite deeply inmink in the epithelial host cell (after Tj6ger and Dubost)) ; 2, Caryo- 
tropha mesnili with an intracellular canal from the nucleus of the host cell (n ) . (After 
Siedlecki.) 

form a protective epithelial sheath around it. When the parasite 
is full grown the cell is destroyed and the bundle degenerates. 

It is difficult to draw the line between symbiqnts, commensals 
and parasites. Symbiqnts are organisms living with a host in such 
a relation that both are benefited; commensals are organisms which 
live with a host without benefit or injury to the latter but to their 
own advantage, and parasites are organisms which, to their own 
benefit, cause injury ift one form or other to the host. Symbiosis 
is well illustrated by the harmonious life of some chlorophyll-bearing 
forms, Zoochlorella, Zooxanthella, etc., and Protozoa in whi<^ the 
former live (Parameeium burmria, “yellow cells,” Stenfor viridis, 
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Amcsha viridis, VorHcella tiridis and Radiolaria etc.)> and it is 
conceivable that some gut-dwelling forms may perform a useful 
lactiyity for a host by disposing of pernicious bacteria, or by pre- 
paring food substances for use by the host as do Hypermastigidee 
in termites (Cleveland). Commensals, such as Endamceba coli, 
Evdamaha mna, Trichomonas species and other intestinal forms 
may, on occasions, tuhi into parasites, as is the case with Tricho- . 
monos (Tritrichomonas, Kofoid), Giardia (Lamblia), etc. Musgrave 
and Clegg, indeed, are skeptical of any amoeba tha^ may get into 
the intestine, taking the view that any free-living form capable of 
adapting itself to conditions of a digestive tract, may adapt itself 
to a mode of life injurious to the host. 

Parasites upon reaching a site where the environmental conditions 
of food, etc., are suitable, begin to multiply and to accumulate, 
thus giving the appearance of selecting a given organ or tissue. In 
this way, the organisms of smallpox {Cytorydes varioke) are charac- 
teristic parasites of the chorium; those of rabies (Neurorydes 
hydrophobice) are nerve tissue parasites, while Plasmodium, Proteo- 
soma, Ldshmania, Trypanosoma, etc., are typical parasites of the 
blood and lymph; Coccidia are intracellular in various tissues which 
are specific for each type of parasite, the particular habitat in all 
cases, depending on the food conditions and the physiological reac- 
tions of the host. Such habitats have led to the designations of 
parasites as coelozoic (lumen dwelling), enterozoic (gut dwelling), 
histozoic (tissue dwelling), cytozoic (intracellular), and hematozoic 
(blood dwelling) forms. Many of them combine two or more of 
these phases during the life cycle. Thus gregarines are cytozoic 
in youth, and coelozoic later in life; some flagellates {Ldshmania; 
Trypanosoma), are hematozoic and cytozoic; others are enterozoic 
and histozoic {SarcocysHs), and some are coelozoic in one host and 
hematozoic in another (malaria organisms). 

(c) Autotrophic iV'wfrifww.— Heterotrophic nutrition of all animals 
is possible only where organic foodstuffs are present and such food- 
stuffs, in the final analysis, are manufactmed by chlorophyll-bearing 
plants. Many Protozoa, particularly flagellates, are provided with 
this manufacturing outfit which appears in typical green chlorophyll 
color in Euglenida and Phytomonadida. In many cases (Chryso- 
mbnadida, Cryptomonadida), the green color is masked by yellow 
or brown pigment which is easily dissolved in weak alcohol leaving 
the green ddorophyU exposed; or the color may be blue-green as in 
the rhizopod PavlmeUa, Green chlorophyll resembles plant 
chlorophyll in all respects— but yellow chlorophyll, especially the 
phycopyrin of the Dinofiagellida, is closely similar to the yellow 
coloring matter of diatoms (diatomin). In many cases {Euglena 
sanguinea, Hesmotococcus pluvialis, and CMamydomonas nivalis) the 
green is masked by a red hematochrome termed karotin, which is 
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probably a modified form of chlorophyll, the transition being brought 
about by scarcity of nitrogen or phosphorus. “Red snow” or 
“bloody pools” owe their origin to masses of these fiagellates colored 
by karotin, which, according to the observations of Reichenow 
( 1909 ) disappear from alpine red snows or pools in summer when, 
through decaying vegetation, the waters are richer in organic 
compounds. 

Little is known accurately of the method by which organic food- 
stuffs are manhfactured by chlorophyll and practically nothing is 
known about the process in Protozoa. Presumably* the activities 
here are the same as in the higher plants, food manufacture being a 
result of photosynthesis. The spectrum of chlorophyll shows 
absorption particularly of the short wave rays of light— notably 
blue and green regions of the white light spectrum, and in some way 
not yet understood, the kinetic energy' of sunlight, transformed 
into potential energy of chlorophyll, is utilized in the synthesis of 
organic compounds. Carbon, hydrogen and oxygen arc essential 
for carbohydrate synthesis, and nitrogen must be added to form 
protein. Such combinations require energy and undoubtedly the 
energy obtained from sunlight supplies this need. While C(^ 
and HjO are essential for plant activity, little is known of the exact 
manner in which they are essential. Also, while C6H10O6 or starch 
may be derived on paper by combining 6 molecules of the one and 
5 of the other, the exact process is unknown, and the chances are 
that it is not so simple as appears by the equation. The sensitive- 
ness of chlorophyll, or its extreme lability in light and darkness, its 
first appearance only in the light, are factors indicating an intimate 
physiological dependence upon the radiant energy of the sun. It 
is not altogether satisfactory to assume that chlorophyll uses this 
energy as one would use a to 6 l, to separate the elements of CO* 
and HjO, and to unite them again into CH2O or formaldehyde, and 
then to use it again in the condensation of CH2O into C6H12O6 or 
sugar; or to use it directly for condensing H2CO3 into CjHwOe and 
O2. The instability of chlorophyll; its disappearance under unfav- 
orable and reappearance under favorable conditions, leave little 
basis for the assumption that it remains unchanged throughout 
the reactions which it is responsible for bringing about. The 
experiments of Jorgensen and Kidd ( 1916 ) whereby extracted 
dilorophyll in simlight produced no formaldehyde in an atmosphere 
of pure CCh, but did produce it in an atmosphere of pure oxygen, 
indicate that formaldehyde formation and production of carbo- 
hydrates in plants may be a result of oxidation and not of synthesis 
in atmospheric air. 

If Wilstatter’s formula for chlorophyll is approximately correct 
we have a protein molcule thus— (MgN4C82H8oO) (COOCHs) 
(COOC20H39) in which the chromogen radical (MgNiCMHsoO) may 
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be separated by ondation from the alcohol groups and the latter 
broken up into free oxygen and formaldehyde or directly into sugar. 
Some such process apparently occurred in the experiment cited, 
but no synthesis of sugar or regeneration of the chlorophyll molecule 
took place. On the contrary, the chromogen material was soon 
broken down through displacement of the magnesium by hydrogen, 
due to the action of die increasing quantity of formic acid and the 
reaction stopped. In the living plant it is conceivable that through 
energy from sunlight, formaldehyde, if formed, condensed to 
sugar, while the nitrogen-holding compound, chromogen, forms 
again the complex chlorophyll molecule by regeneration through 
unipn with COj and HjO with the aid of energy from sunlight. On 
this hypothesis, starch or sugar formation is a 'result of protein 
metabolism acting with the energy of sunlight, while COs and H 2 O 
are foods or raw materials necessary for upbuilding in chlorophyll 
regeneration. Protein metabolism in plants and animals would 
thus be placed on a similar basis, katalytic action breaking down 
the complex protein molecule, giving rise to a metaplastid starch 
and a chromogen radical capable of taking on raw materials (food) 
n^ssary for its regeneration. On such an hypothesis the essential 
UM of CO 2 and HjO would be as food for the plant in building up 
its particular type of protein— m., chlorophyll, and until that 
chlorophyll is formed no starch or sugar is produced. 

id) lleterotrophic NutriMm.— The ability of certain organisms to 
live on manufactured foods in the light and to live equally well on 
proteins manufactured by other living organisms, has been known 
for many years. Biitschli called attention to it in the case of 
Chromvlina (1884) and in some Dinodagellates; Temetz (1912) 
and Zumstein (1900) demonstrated experimentally that Euglena 
gracilis can live almost equally well in the light or in the absence of 
light, and more recently Pascher has shown that practically all of 
the Chrysomonadida possess this power, while the assertion is 
made and practically substantiated by experiment, that "all colored 
flagellates incline to saprophytism and combine in Nature almost 
regularly both types (holophytic and saprophytic) of nutrition” 
(1914, pt. I, p. 11). Inde^, the experiments of Zumstein and of 
Temetz show that with exclusively organic nourishment Euglena 
races appear in which the chromatophore apparatus is temporarily 
gone, and Terhetz, at least, succeeded in cultivating races of Euglena 
gracilis in whidi the chromatophores were said to be permanently 
lost. 

It is quite probable that saprophytic flagellates have been derived 
through forms with the double or combined modes of nutrition 
from the strictly autotrophic types. Pascher states, in this con- 
nection: "Flagellated forms are present which possess distinct 
but reduced chromatophores incapable of extensive functions; 
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others possess no chromatophores at all, but still retain the pyrenbids 
characteristic of their colored allied forms (Tetrablepharw); others 
retain the stigmata characteristic of chlorophyll-bearing types, but 
possess no chromatophores, and still others possess neither stigmata, 
pyrenbids nor chromatophores, but contain assimilation products 
which are characteristic of the most nearly related colored forms 
{Chihnumaa and Cryptomonaa, Polytoma arid Chlamydomonaa)." 
hoc. cit. p. 11. 

In addition tp combined autotrophic and saprophytic modes of 
nutrition, some types of flagellates, especially amongst the Chryso- 
monadida conabine holophytic nutrition with holozoic. Here, in 
the simplest cases, the intake of solid particles is effected by pseujdo- 
podia, either lobose in type or branched (rhizopodia). These may 



Fio. 94 . — Cyrtophora pediceUala and PaialineUa cyrtophora; flaKcllates with tentacles 
and exogenous buds. (After Pascher.) 




arise from any part of the cell or may be, with the gastric vacuole, 
confined to ^e anterior end as in Dinobryori (Fig. 126, p. 259). 
More complex and more differentiated pseudopodia are found 
amongst the Cyrtophorid^e of the Chrysomonadida. In Cyrtophora 
pediceUata the cell l^y, with its single cup-shaped yellow d[u%>mafo- 
phbre, is in the form of an inverted pyramid attached by stalk at 
the apex while the broader anterior end bear? a single flagellum and 
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a crown of tentacle-like pseudopodia, which like axopodia bear an 
axial filament (Pascher). These pseudopodia serve to capture 
larger food bodies, while bacteria are caught in the plastic, flowing 
protoplasm surrounding the axial filament. Somewhat similar 
forms are found in the genera PdatineUa of Lauterbom and Pedin- 
eUa of Wysotzki (Fig. 94). An interesting case of parasitism on 
the part of green cUorophyll-bearing flagellates, Etiglerumorpha 
hegtieri, has been described by Hegner (1923). The flagellates are 
foimd in the intestine, and particularly in the rectum of tadpoles 
of frogs and toads. Their inability to live outside of this habitat 
indicates a combination of autotrophic and saprozoic nutrition. 

The number and variety of these adaptations for heterotrophic 
nutrition in addition to the autotrophic and apparently primary 
nuttition, lend considerable support to Pascher’s theory that the 
colorless flagellates and possibly other Protozoa as well have been 
derived from chlorophyll-bearing forms (see Pasdier, 1916), or to 
Victor Franz’s (1919) view that all Protozoa have been derived 
from many-celled plant types. 

2. Products of Assimilation.— These usually appear in the form of 
storage granules of one type or other, and are dependent upon the 
mode of nutrition and the kind of food used. In holophytic forms 
the products are by no means always the same, but they appear to 
be more or less characteristic for the different groups. Thus in 
Chrysomonadida leucosin granules are the most typical, while fats 
and oils are widely distributed (see supra)] in Cryptomonadida 
paramylum and other starch-like carbohydrates are characteristic 
while starch grains are present in the higher types. In Euglenida 
the characteristic products are paramylum, and in Phytomonadida, 
true starch. 

With the majority of forms the products of assimilation vary with 
the type of food used and are frequently so abundant in the cell as 
to give a characteristic appearance or color to the animal. Thus 
the refringent granules of PeUmyxa paltistris (Stol?) produce a 
peculiar refringent effect. The brown granules of Plasmodium 
species, characteristic of malaria, are products of hemoglobin assimi- 
lation. Similarly the coccidin of Coccidia; peridinin of Dino- 
flagellida; stentprin of Stentor comdeus and FoUicuUna ampuUa; iiie 
pink of Ilolosticha; the lavender of Blepharisma undulans or the 
red of Mesodinium rubrum, are examples of the great variety of 
colored cellular substances dependent upon the food that is eaten. 
In the absence of the specific kinds of food which yield these chromic 
products the organisms are colorless, and colored or colorless indi- 
viduals of the same species may appear in the same culture. 
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CHAPTER V. 


REPRODUCTION. 

OENEBAL BEPBODUCTION: ALL BEPBOpUCTION 
CEU. DIVISION. 

Of all the marvels associated with the Protozoa there is nothing 
more staggering to the imagination than the fixity of type which 
their protoplasm manifests. The genotype, subject to minor varia- 
tions of a fluctuating character in the course of a normal life history, 
or subjected experimentally to all kinds of unusual environmental 
conditions, remains fundamentally unchanged. Types miMlified 
through amphimixis or through permanent modifications of the 
environment may lead to divergent types. This conservatism or 
fixity of type is a function of the organization which has been 
continuous in the past and will be continuous in the future. The 
activities which take place in the organization, the sum total of 
which constitute vitality, are discontinuous, they have been and 
will continue to be dependent upon the interactions between organ- 
ization and environment. 

The single individual which we study under the microscope has 
had no such history in the, past and no promise for the future; its 
span of life as an individual is measured by hours or days only. It 
is the temporary trustee of a small portion of an organization which 
has been parceled out amongst unkno^m myriads of similar trustees. 
Its metabolic activities are the interactions within the organization 
and as a result of these activities the fluctuating variations charac- 
teristic of the genotype follow one after another in the form of 
inevitable differentiations which may or may not be visibly indi- 
cated by structural changes (see Chapter X). Ultimately its possi- 
bilities of further vitality as a single individual are exhausted and 
it imdergoes its final manifestation of vitality. The significance 
of this final act is a function of all genotypes and of all organizations 
whereby the organization is further parcelled out to two or more 
trustees. It is reproduction by division, which by reason of its 
universal occurrence is one of the most characteristic properties of 
protoplasm. 

There is no doubt that division of the cell is a phenomenon of 
deep-reaching significance; we shall endeavor to show that the 
organization as parcelled out to the descendants by division is not 
a mere equal division of the protoplasm of the individual with its 
load of metaplastids and other modifications of the organization, 
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but a renewed or pivtfied organization such as the individual received 
when it was formed. With the processes of division the old differ- 
entiations are lost by absorption, the organization is de-differen- 
tiated and the protoplasm has a renewed potential of vitality. 

In order to understand the relations of division to the chain of 
metabolic activities we should know more about, the conditions under 
which division occurs, and the "causes” of division. There is very 
little real evidence for conclusions in this matter but there have been 
many theories. WThe latter for the most part are based either upon 
analogies with physical phenomena or upon hypothetical "spheres 
of influence” of morphological elements of the cell. They have been 
developed in the main to interpret phenomena of division in meta- 
zoan cells, particularly in egg cells, and fall completely to the ground 
when applied to division of Protozoa. So it is with the contractility 
hypothesis of Heidenhain,-Druner and others who see in the spindle 
fibers and astral rays a contractile system whereby the nucleus and 
cell are divided in a strictly mechanical manner. The intra- 
nuclear spindle and the absence of cytoplasmic rays in the great 
majority of Protozoa are enough to show that such physical inter- 
pretations do not reach to the root of the matter. The "spheres of 
influence” hypotheses, based upon the kinetic center of the cell and 
its influence on the cytoplasm, was developed by Boveri in the 
attempt to associate cell growth and the causes of division. The 
. "energid” theory of Sachs and Strasburger was an analogous effort 
to trace the causes of cell division to increasing volume of the cell 
through growth, each nucleus having its sphere of influence in the 
cytoplasm and dividing when the volume of the cell outgrows the 
sphere of activity of the nucleus. The Kemplasmverhc^nia theory 
of Hertwig was based upon somewhat similar grounds. Accord- 
ing to this the volume of the nucleus bears a certain normal relation 
or ratio to the volume of the cytoplasm in young actively func- 
tioning cells, evidence of which in Fronionia was given by Popoff 
(1909) and by Hegner (1920) in the equidistant distribution of nuclei 
in various species of ArceUa. With increasing age this ratio is 
altered to the advantage of the cytoplasm until division of the cell 
restores the normal ratio. With uninucleate forms such as Para- 
mecium or Fronionia there is some evidence of change in relative 
volumes, and careful measurements by Popoff (1909) . and other 
followers of Hertwig are adduced to support the hypothesis. In 
these forms the volume of the nucleus is proportionally reduced 
until just prior to division when the nucleus rapi4ly increases in 
volume and divides. In Vrolepius, Uronychia and similar forms, 
however, the many nuclebfuse to form one compact and relatively 
amall nucleus prior to division. It would seem that such changes 
in relative volume of nucleus and cytoplasm are better interpreted 
as the effects «f underlying conditions which cause division rather 
than as the cause of division themselves. 
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None of these theories is of much value in analyzing the antecedent 
phenomena of division. These must be sought in the reactions of 
different substances constituting protoplasm. Division of the cell 
itself is a last step in a progressive series of reproductive changes 
affecting the entire protoplasm^ and constituents of which-— micro- 
somes, mitochondria, plastids, chromomeres, kinetic elements, etc.— 
have already divided. It is in the division of these fundamental 
granules in the make-up of protoplasm that we must look for the 
underlying causes of cell division. The dependence^of the succession 
of division processes which characterize reproduction upon growth 
and metabolism is clearly evidenced by simple starvation experi- 
ments, division ceasing with cessation of metabolic activities. There 
is a possibility that environmental conditions play a more direct 
part in reproduction than is indicated by their relations to metab- 
olism. Thus Robertson (1921) concludes that a catalase (X sub- 
stance) is secreted by the living cell which directly enhances division. 
He found that two individuals, or more, of Enchelys farcimen in a 
drop of culture medium would divide from four to sixteen times more 
rapidly than a single individual in a similar drop, the result being 
interpreted as due to. contiguity of individuals. This, however, is a 
direct contradiction of Woodruff’s (1911) results with Paramecium 
and Styhnychia, according to which the division rate is reduced 
by accumulation of products of metabolism in the medium. Nor 
is Robertson supported by other observers. Cutler (1924) for 
example, found for Colpidium colpdda that the division rate depends 
upon the number of bacteria present as food, and that increase in 
number of individuals in a drop means a decrease in the individual 
division rate. Greenleaf (1924) similarly found that solitary indi- 
viduals of Paramecium cavdatum, P. aurelia and Pleurotricha 
lanceolata isolated in 2, 5, 20 and 40 drops of medium, gave a highest 
division rate in five days in the 40-drop test, the lowest in a 2-drop 
test. Also in Urohptus mobilis, in a sixty-day test in which 1 
individual, 2, 3 and 4 individuals were isolated daily in a single drop 
of medium the highest division rate was shown by the solitary indi- 
vidual in a drop as shown in the following tabic: 

10 individuals, 1 to a drop, each divided in the sixty days 74.1 times 

20 individuals, 2 to a drop, each divided in the sixty days . 59.5 ** 

30 individuals, 3 to a drop, each divided in the sixty days . 54.7 ** 

40 individuals, 4 to a drop, each divided in the sixty days . 54.2 “ 

Environment! conditions which alter the permeability of the 
cell, thereby enhancing or retarding metabolic activities do, however, 
have a corresponding effect upon the division rate. Age of indi- 
viduals, or the protoplasmic organization at different periods of the 
life cycle likewise has a determining effect on the rate of division, the 
differences, as shown in the following table, being due to the differ- 
ences in the reactions of the protoplasm to the same medium under 
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different conditions of organization. Series 111 and 112, for 
example, were 279 and 263 generations old at the beginning of the 
experiment, the single individual isolated daily in a drop of medium 
divided 60 times in sixty days. Series 120 and 121 were 12 and 10 
generations old, and each solitary individual , divided 86 and 107 
times in the same sixty days. 


tIKOLEPTUS MOBIU8— DIVISION RATE. 

Experiment from September 24 to November 10, 1924. 
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Each substance entering into the composition of living protoplasm 
must manufacture new substance of its own kind. All sudi sub- 
stances, usually in the form of granules, grow to a certain limit of 
size and each then divides. Evidence for this is apparent only in 
the more obvious of the protoplasmic elements such as plastids, 
kinetic elements, chromomeres, etc., the division of which has been 
mentioned in the preceding pages. Finally the grand aggregate, 
the cell itself, divides as a last expression of the series of events ^at 
have taken place. It is evident that such division<of the cell as a 
whole constitutes only a small part of the phenomena of reproduction 
and perhaps not the most important part. While most of the ele- 
mentary granules, apart from those enumerated above, which make 
up the bulk of protoplasm, cannot be followed from their smallest 
stages to the stage when they become visible, it is not inconsistent 
with the idea of continuity from generation to generation to regard 
even the smallest as retaining its integrity and reproducing itself 
by division. “For my part I am disposed to accept the probability 
that many of the these particles, as if they were submicroscopical 
plastids, may have a persistent identity, perpetuating themselves 
by growth and multiplication without loss of their specific individual 
type” (E. B. Wilson, 1923). 

While the division of a single granule results in the formation of 
two probably identical granules of the same substance, the division 
of aggregates of granules of different substance may or may not 
result in identical daughter aggregates. The nucleus is such an 
aggregate which, by ordinary equations division, is probably divided 
into two identical halves, but in meiotic divisions the products of 
the nucleus are different, visible evidence of which is shown by the 
history of the sex chromosomes and by the results in modem 
genetics. It is entirely possible that differentiations may arise from 
such inequalities in nuclear division (see Chapter XII). 

The cytoplasm of the cell, likewise, is such an aggregate, made up 
of all the different substances variously <li.stributed, which compose 
living protoplasm. If all the granules were equally distributed at 
division to the daughter cells, as arc nuclei and many kinetic ele- 
ments, then the products of cell division might be identical. Mor- 
phological evidence that all granules are not thus equally distributed 
is furnished by all budding and spore-forming types, and by forms 
like Dikpius anser or Holosticha multinuckata, where the large 
chromatin granules, while still in the process of division, are carried 
bodily to one or jthe other daughter cell (Fig. 58, p. 116). 

Reproduction whereby a type of organism is perpetuated and 
distributed, is thus preeminently a process of division. In the last 
analysis cell division is the only kind of reproduction known. 
Potential individuals are contained in every germ cell, but germ 
cells, like other cells, are formed by division and it follows that every 
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female reproduces as many potential offspring as eggs. Develop- 
ment of such eggs, however, is usually dependent upon fertilization 
which is quite a distinct phenomenon, accessory to reproduction in 
most animals, but not itself reproduction. In the present chapter^: 
only a summary of the more obvious processes of reproduction wfl! 
be described, leaving the problems associated with fertilization for 
treatment in a later section (see Chapter .XI). 

It is division of the grand aggregate of protoplasmic substances, 
i. e., division of’the cell itself, that is usually described as reproduc- 
tion of the Protozoa. Such reproductions are usually classified as 
division, budding or gemmation, and sporulation, the inference 
being that these are different modes of reproduction. In reality, 
however, they are different types of reproduction by division, and 
siich modifications would be expressed better by the terms equal 
division, unequal division, and multiple division. 

I. EQUAL DIVISION AND EVIDENCE OF BEOROANIZATION. 

In the ordinary metabolic processes of an active protozoon there 
is evidence of a cumulative differentiation which indicates a differ- 
ence in organization between a young cell immediately after division 
by which it is formed and the same cell when it is mature and ready 
itself to divide (see Chapters III and X). Child (1916) mainly 
from experiments with cells of the Metazoa, came to the conclusion 
that “senescence consists in a decrease in metabolic-rate determined 
by the change in, and the progressive accumiilation of, the relatively 
stabile components of the protoplasmic substratum during growth, 
development and differentiation” (p. 333). He further suggested 
that in every cell division in unicellular animals, with the accom- 
panying processes of reorganization, there is some degree of rejuven- 
escence, and if such rejuvenescence balances the cumulative differ- 
entiation, continued life of the organisms by division alone may go 
on indefinitely. By proper conditions of the environment it is 
conceivable that such a balance may be established. On such an 
hypothesis it is possible to account for the continued vitality of 
animal fiagellates in which fertilization processes are unknown, for 
the continued life of many of the higher plants, and for the con- 
tinued life of the tissue cell cultures in die hands of Carrel and 
others (see Chapter X). 

In many Protozoa there is unmistakable evidence of such reorgan-*^' 
ization processes which will be described in the following pages; 
in many there is no visible evidence, but in such cases and in the 
absence of other possibilities of reorganization, it is permissible to 
assume diat reorganization processes which escape the most vigilant 
watchfulness of the observer, do actually occur. For descriptive 
purpo^, and on grounds of expedien<^, the division phenomena. 
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are grouped according to the distribution of the three main types of 
the I^tozoa-Mastigophora, Sarcodina and Infusoria. 

A. Division and Beorganisation in Mastigo^ora.— With very 
lew exceptions division in flagellates is longitudinal, beginning as a 
Wie at the anterior or flagellar end, the cleavage plane passing down 
through the middle of the body. As the halves separate the two 
daughter cells usually come to lie in one plane so that final division 
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Fig. 95,—Euglena sociabilis Dang. Vegetative individual {A) and simple and mul- 
tiple division within cyst. (After Dangoard.) 


appears to be transverse. In Oxyrrhis marina division is actually 
transverse (Fig. 43, p. 88), and transverse or oblique in the Dino- 
' iflagellida generally. In the majority of forms the individuals divide 
while freely motile, but this is by no means universal, variations 
in this respect occurring in the same family and even in the same 
genus (see Dangeard, 1901). Thus in Euglenidse division in the 
motile state occurs in some species of Euglena (E, tiridw, E. genievr 
lata, E. flam, etc.), in Peranema, Entosiphm,, Menoidium, Astasia, 
14 
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and others, or in a quiescent but not encysted condition in other 
species of Euglena (E. apirogyra, Phams pleuronectea, etc.); or in 
encysted stages in which division may be binary {EugUna deses, 
Phacua ovum, etc.) or multiple as in species which give rise to 
Palmella forms (E. aociabilia, etc., Fig. 95). 

As there are few details in the structme of a simple flagellate on 
which to focus attention, descriptions of division processes are 
practically limited to the history of the nucleus, kinetic elements 
and the morq. conspicuous plastids. Here, in the main, are fairly 
prominent granules of different kinds which divide as granules, and, 
save for the chromatin elements of the nucleus, without obvious 
mechanisms (see Chapter I, p. 43). 

In the simpler cases there is little evident that can be interpreted 
as reorganization at the time of division, and the little we find is 
limited to the motile organs. In the more complex forms, however, 
there is marked evidence of deep-seated changes going on in the 
cell. 

The earlier accoimts of cell division in the simpler flagellates 
described an equal division of all parts of the body including longi- 
tudinal division of the flagellum, if there were but one, or equal dis- 
tribution if there were two. One by one such accounts have been 
checked up by use of modern technical methods until today there 
is very little substantial evidence of the actual division of a flagel- 
lum. The basal body and the blepharoplast usually divide, but 
the flagellum either passes unchanged to one of the daughter cells 
as in Crithidia (Fig. 48, p. 97), McCulloch) Trypanosoma, etc. 
(Fig. 97, p. 212), or is absorbed in the cell as in Scytomonaa svbtilis 
(Fig. 96, Dobell). In some doubtful cases it may be thrown off. 
If ^e old flagellum is retained in uniflagellate forms the second 
flagellmn develops by outgrowth from the basal body or the bleph- 
aroplast (Fig. 96). If the old flagellum is absorbed, both halves of 
the divided kinetic element give rise to flagella by outgrowths 
(Fig. 59, p. 117). Similarly if there are two or more flagella, one 
or more may be retained by each daughter cell while the other, or 
full number are regenerated (Fig. 98, p. 212). In some cases, as in 
Herpetonwnaa musca-domeaticcB, the regeneration of a second 
flagellum occurs before division of the cell is evident, a circumstance 
which evidently led Prowazek (1905) to conclude that this organism 
is normally bi-flagellated (Fig. 138, p. 289). 

Reorganization is indicated to some extent by these cases in which 
the old flagellum is absorbed. It is also evident in those forms of 
Chrysoflagellida, Cryptoflagellida and Euglenida which reproduce 
in the palmella or quiescent phases after the exudation of a gela- 
itinous matrix (see Chapter I), and after loss of the characteristic 
swimming organs. It is still better indicated by a number of 
flagellates in which the cytoplasmic kinetic elements, as well as the 
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flagella, are all absorbed and replaced by new combinations in each 
of the daughter cells. Thus in Spongomonaa splendida, according 
to Hartmann and Chagas (1910) the old blepharoplasts and the two 
flagella are absorbed and new ones are derived from centrioles of 
the nuclear division figure (Fig. 59, p. 117). The same phenomenon 
is described for Polytoma uveUa (Dangeard, Entz), for CMamydo^ 
monos (Dill, see Oltmanns) and Parapolytoma saiuma (Jameson). 
The phenomenon cannot be regarded as typical of the simple flagel- 
lates, for in the great majority the kinetic elements are self-per- 



Fio. 96 . — Scytomonaa subtilWf hologamic copulation. normal adult individual 

B to successive stages in fusion, loss of flagella, and cncystment. (After 
Dobell.) 

petuating, even the axostyles according to Kofoid and Swezy (1915) 
dividing in Trichomonas (Fig. 72, p. 139). This, however, is not 
supported by Wenrich (1921). 

An extreme case of reorganization is apparent in the two species 
of Lophomcmas (Z. blattes and L. striata) first described by Janicki 
(1915). Here the parental calyx, basal bodies, blepharoplasts and 
rhizoplasts all degenerate during division (Fig. 98). At division a 
cytoplasmic centriole first divides with a connecting fibril which is 
retained throughout as a paradesmose. The nucleus emerges from 
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Fio. 97. — Trypanosoma gambtensCt one cause of African sleeping sickness. Normal 
individual and successive stages in division of blepharoplast, nucleus and cell. (After 
Calkins.) 



Fio. 08.— Division of Li^phomanaa hlaUarum, A, Nucleus leaving the old calyx, 
centrioles and paradeMnpse present; B, the nucleus at the posterior end of the cell, 
divided ; C, dev^opment 6f dgughter-calyces and bundles of flagella. (After Janioki.) 
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the calyx in which it normally lies, and moves with the spindle to 
the posterior end of the cell. The spindle takes a position at right 
angles to the long axis of the cell; chromosomes, probably eight in 
number, are formed and divided, and two daughter nuclei result,, 
each of which is enclosed by a new calyx while new basal lM)dies and 
blepharoplasts apparently arise from the polar centrioles (I'i'ig. 
98, B, C). Thus the old kinetic complex, with the exception of the 
c^'toplasmic centriole, is discarded and entirely new aggregates are 
formed. ■» 

Flagellates with shells or tests behave during division in different 
ways. In the majority of cases division occurs within the test; 
the daughter individuals leave the old test by way of the aperture 
and form new tests; in other cases the tests as well as the cell bodies 
divide, as in the Diniferida. As the apical and antapical poles are 
different in the Dinoflagellida division is followed by regeneration 
of the appropriate shell part that is missing. 



Fig. 99,—Vahlkainpfia Umax. Nucleus in upper cell in full mitosis (promitosis). 

(From Calkins.) 


B. Division and Beorganization in the Saicodina.— It is very 
questionable whether any rhissopod divides in the very simple 
manner described by F. E. Schultze for Amaba polypodia. The 
“limax” types indeed approach this simplicity (Fig. 99) but new 
• discoveries are constantly at hand to indicate that these are not as 
simple as they have been described. Thus Arndt (1924) quite 
recently has given creditable evidence of the existence in a simple 
amoeba, HartmanneUa (Psetidochlamys) klilzkei, of a definite 
centrosome with centriole which is permanently extranuclear 
(Fig. 41, p. 85). At division of the cell the centrosome divides 
and the daughter centers with their centrioles, take positions at 
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the poles of the nuclear spmdie which originates within the nudeus. 
The mitotic figure is thus made up of cytoplasmic elements, kinetic 
elements derived from the nucleus, and chromatin. A similar 
combination occurs in dividing Heliozoa. The original description 
of division of Acanthocystis aadeata by Schaudinn, a form possessing 
the characteristic central granule of the Heliozoa, has been consider- 
ably modified by later observations. According to Schaudinn the 
central granule or centroblepharoplast which is the focal point in 
the cell of the l%diating axial filaments, divides to form an amphi- 
aster (Fig. 100) which becomes the central spindle of a typical 
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Fia. 100.— and AcatithocyHiU, A, Veii;etative cell of SpheBrstrum 
with axial filaments focussed in a central granule (centroblepharoplast) ; C, D, 
division of central granule and spindle formation in Acanthoq^atic cumleata; E, F, 
formation of buds of same; Cr, exit of central granule from the nucleus of young 
cells. (After Schaudinn.) 

mitotic figure. The more recent observations of Stern (1924) 
indicate that, as in the simpler amoeba described above, the central 
granule of AcanthocysHs behaves as a cytoplasmic centrosome, 
forming poles of a mitotic figure which is derived otherwise entirely 
from the nucleus. Individuals which have been deprived of their 
skeletons and membranes which afford resistance to the activities 
of the enclosed protoplasm, become “sprung,” so to speak, and the 
unusual freedom from restoaint results in a separation of the centro- 
somes from the remainder of the spindle which completes its division 
without fu^er participation of the centrosomes (Fig. 101). 
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Schaudinn’s description of division in Heliozoa was confirmed in 
the main by Zuelzer (1908) in connection with the aberrant form 
WagnereUa borealis. Here the axopodia-bearing portion of the cell 
is free from the silicious mantle wUch covers the remainder of the 
animal, the nucleus being in an enlarged pedal portion attached to 
the substratum. The central granule is in the geometrical center 



Fig. 102,— Microgromia sodalis after Hertwig (i4), and Microoromia sp. (B.) 

original. 


of the “head” and is the focal point of the axopodial filaments. 
Each of the latter bears a granular enlargement similar to a basal 
body. In preparation for division these move centripetally toward 
the central granule forming a zone about it which divides with the 
division of the central granule. In the meantime the nucleus 
migrates from the other end of the body and with the spindle formed 
by the divided central granule forms the mitotic figure. 
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Complications in the division process accompany the presence of 
shells and tests. ' Where these are chitinous or pseudochitinous, 
they may also divide with the cell body {Pseudodifflugia, Cochlio- 
podium). In other cases the individual divides within the shell, 
after which one of the daughter individiuls moves out and forms a 
new shell, while the other one remains in the original test (Micro- 
gromia sodaMs, Clathrulina elegana, etc., Fig. 102). In most cases, 
however, a novel method of shell duplication found in no other divi- 
sion of the Protozoa, has been developed. This jfrocess, known as 
budding division, occms throughout the group of the testate rhizo- 
pods and is well illustrated by the classical example of Etiglypha 
alveoUda first described by Schewiakoil (1888). Here after full 
growth following vegetative activity of the individual, the pseudo- 
podia are drawn in; water is thten absorbed whereby the protoplasmic 
density is greatly reduced and the volume increased. This is fol- 
lowed by a process resembling pseudopodia formation, the proto- 
plasm emerging from the parent shell opening as a ball or dome which 
assumes the general form of the parent organism. A new membrane 
of pseudochiitin is formed about the extruded mass and on it the 
silicious shell plates, preformed in the parent protoplasm, are now 
cemented. In some forms, e. g., ArceUa species, the chitinoid mem- 
brane becomes the permanent shell of the organism, older shells 
becoming brown or reddish by coloring due to oxides of iron ; in other 
forms as in the Diffiugiinee the chitinoid membrane is covered by 
foreign objects picked up and stored by the parent organism. In 
all cases of budding division after the budd^ individual is fully 
moulded, the nucleus divides and one-half passes into the protoplasm 
of the new shell. The connecting zone of protoplasm between the 
old and the new shell breaks out into pseudopodia and the two indi- 
viduals separate (Fig. 10, p. 32). 

The various types of foraminiferal shells, nodosarine, frondicular- 
ine and roteline— may be interpreted as due to a similar budding 
division, but without actual separation of the parent and bud proto- 
plasm, the type being dependent upon the density of the protoplasm 
at the time of protrusion from the shell mouth (Fig. 17, p. .^). 

There is very little evidence of reorganization of the protoplasm 
at division in these rhizopods. The frequent withdrawal of pseudo- 
podia and rounding of the body may be an indication of changes 
going on within, as in Chlamydomyxa, Nvdearia, etc., but even such 
questionable indications are absent in many cases of recent inves- 
tigation (Belar, Stem, d al), where reorganization, if it occurs at 
all, must be in the make-up of the protoplasmic and undifferentiated 
elements (see, however, infra, p. 484). . 

C. Division and Beorganisation in Infusoria.— Here in the most 
highly differentiated forms of the Protozoa the processes of equal 
division are complex and the protoplasmic changes far-reaching. 
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With but few exceptions the division plane is through the center of 
•the body and in a plane at right angles to the long axis of the cell. 
The externals of division are similar to division in other groups, 
with preliminary division of the plastids and nuclei and final 
division of the cell body. As in flagellates and some rhizopods the 
cup or test-dwelling forms divide within the parent cup, one of the 
daughter individuals migrating and forming a cup for itself. In 
some forms the daughter individuals remain and share the old 
house ({Cothumta ingenita). 

Where a tightly-fitting cell-covering is present as in Coleps hirlus, 
it is divided transversely and the missing parts are regenerated by 
the daughter organisms (Fig. QS>,A,B, C, p. 128) . In some Infusoria 
as in the other groups, division in many cases is incomplete, the 
daughter individuals remaining attached end to end as in Polyspira 
dehgei or Ilapiophrya giganlea (see chain building in Cerativm mliur, 
Kofoid). Or daughter individuals may remain attached by incom- 
plete division of their stalks, thus ^ving rise to arboroid colonies 
of different types (Vorticellidre mainly). . 

In some forms, probably in the majority of ciliates, there appears 
to be a definite and permanent division zone which indicates the 
future plane of division and which is not displaced even after diverse 
mutilations of the body. Thus if Paramecium cawlatnvi is cut 
across either the anterior or the posterior end, the cell ordinarily, 
does not regenerate more than a ciliated surface on the truncated 
end. It divides like a normal form the division plane, however, is 
not in the geometrical center of the mutilated cell, but in the 
geometrical center of the cell as it was before the cutting (Fig. 
103). The same is true of Uronyckia tramfuga or V. setigera 
(Fig. 108). In daughter cells of dividing Paramecium the future 
division zones appear to be formed at an early period, and if a 
daughter cell is cut in such a manner that the geometrical center 
is destroyed without, however, destroying the nuclei, monsters of 
various types are produced indicating a complete upset of the 
organization (Fig. 103, f-o). In some cases, e. g., Frontmia lev/ias, 
the geometrical center, or division zone, has a different physical 
appearance from the remainder of the cell (Fopoff, 1908, also men- 
tioned by Hance, 1917 as oeexuring in Paramecium), but in the 
majority of cases there is no morphological evidence of the plane 
of division during resting stages. 

(a) Evidence of Nuclear Beorgaiiization.-^The two types of nuclei, 
macronucleus and micronucleus, complicate the nuclear phenomena 
at division. The macronucleus is more like a huge plastid of the 
cell with active functions in metabolism, while the micronucleus is 
generally interpreted as a germinal or racial nucleus, functioning 
at division and particularly at conjugation. 

Reproduction of the macronucleus in the majority of ciliates is 




. Fio. 103. — Paramed.um caudatum, mcrotomy. 1, 2. and 3, difTcrcnt cxpcritncnfH 
the straisht lino indicating the plane of cutting; 3, the history of a monster; an original 
cell 3a, was cut as indicated; the posterior fragment (h) divided (c) into (d) and («), 
the latter formed a monster (3, /,-a) ; enucleated individuals (A, A;, and n) occasion- 
ally separated from the parent mass. (After Calkins.) 
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analogous to that of a plastid. Division is direct with only a few 
isolat^ cases showing evidences of spindle formation or of indefinite 
chromosomes. In preparation for division, however, there is evi- 
dence in many forms of profound changes in the make-up of the 
nucleus destined to divide and some of these afford evidence of a 
clear-cut reorganization of this important element of the ciliate. 

In the less complicated types division of the macronucleus is 
relatively simple. In DUeptm anaer, for example, the nuclear 
matdtial is in* the form of many scattered chromatin and plastin 
spheres, each of which divides prior to cell division (Fig. 58, p. 116). 
There is no equal distribution of this chromatin to the daughter cells 
but the daughter halves may go together to the daughter cell in 
whose protoplasm they happen to lie. Some of the granules, how- 
even, those in the region of the diAusion zone, may be represented in 
each of the progeny. 

. In forms with a single ellipsoidal macronudeus as in many of the 
commoner types (c. g., Paramecium, Colpoda, Frontonia, Glaucoma, 
etc.), the macronucleus simply elongates and constricts to form 
two equal portions, one passing to each daughter cell (Fig. 21, p. 
53). Band-form nuclei characteristic of Blcpharisma, Spathi- 
dium, Didinium, VorHcella, Euplotes, etc., condense into spheroidal 
or ellipsoidal bodies before dividing. Where two macronuclei are 
present in the usual vegetative cell, as in Oxytricha, Stylonyckia, 
Gastrostyla, etc., each divides independently of the other but syn- 
chronously. As with band-form mlclei the beaded macronuclei 
likewise form short rods as in Steuior, Spirostomum amUguum, 
etc., the beaded character in all cases being lost. Here the separate 
beads are usually enclosed in a common nuclear membrane which 
is constricted at intervals, the contained chromatin massing together 
at the period of division. This is the condition in Uronychia trans- 
fuga, also, the twelve to fourteen apparently separate macronuclei 
are all connected, and the chromatin fuses prior to division to form 
a relatively short ellipsoidal nucleus (Fig. 107). 

In other types, however, the multiple macronuelei are independent 
and entirely disconnected. They arise by division and retain their 
independence during vegetative life. Thus in Uroleptus mabUis 
the eight or more macronuclei are formed las a result of a fourth 
division of the single parental nucleus from which they came. In 
preparing for division of the cell each of these eight nuclei of Uro- 
leptua imdergoes a remarkable transformation. A nuclear cleft 
(Kemspalt) appears in each, and in the cleft is a single large granule 
which reproduces by division. The major part of the nucleus lies 
below the cleft and is filled with densely staining chromatin; the 
other part lying above the cleft contains much less chromatin in 
the form of fine granules (Fig. 104). This latter part, together with 
the granules in the cleft, are thrown off and the chromatin contents 



REPRODUCTION 


221 


are distributed in the cytoplasm. When each of the nuclei is thus 
freed from its distal portion the eight remaining parts fuse together, 



Fio. 104.— Uroleptua mobilU, Stages in the fusion of the macronucici prior to cell 
division; micronuclei in mitosis. (After Calkins.) 

forming first a, long banded nucleus, and later, by condensation, a 
relatively small ellipsoidal and single nucleus. This divides -twice 
or three times before the division of the cell is completed, the fourth 
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division always occurring after the daughter cells have separated 
(Fig. 105). 

The micronuclei show no such complicated histories. If they are 
multiple in the cell there is no fusion, nor is there any elimination 



Fig. 105 .— Urolvptua tnobilis. Division staKcs after fusion of the macronucloi. 

(After Calkins.) 


of micronuclear material., Each divides with the formation of an 
unmistakable but very minute, mitotic figure (Pig. 22, p. 57). 
They are all represent^ furthermore by daughter halves in each of 
the daughter cells. 
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b. Evidence of Cytoidasinie Beorcaaintion.— Not only is there 
evidence of change in the cytoplasmic make-up at division through 
the distribution and absorption of nuclear material as in Vwleptus 
mobilis, but the entire cytoplasm shows other evidence at tliis 
period. In all ciliates there is a more or less clearly marknl antero- 
posterior differentiation, the anterior part usually I)earing the mouth 
and the more or less specialized motile organs for the capture of food 
or the directing of food currents, while the posterior part is usually 
much less specialized. Should such a specialized eiliate he cut 
through the center as Balbiani (1888) did for the first time, the two 
fragments would be different. The anterior fragment of a Stylo- 
nychia or Uronychia, for example, would retain the highly differen- 
tiated parts about the mouth while the posterior part would be 
relatively undifferentiated. The finer organization or genotype, 
however, is represented by all of the protoplasm of the cell, and 
that organization has the ability under proper stimulation, of form- 
ing all of the differentiated parts of the entire adult organism. Uy 
regeneration, therefore, such a cut individual replaces the charac- 
teristic structures of the posterior end by the anterior fragment and 
the characteristic structures of the anterior end by the posterior 
fragment (Fig. 108). By their usual method of transver.se division 
the ciliates have quite a different inheritance than do flagellates 
which divide longitudinally. In the latter the highly (lifferen- 
tiated anterior ends and the less differentiated posterior ends are 
equally divided so that the daughter cells have a like inheritaiui* 
(p. 209). 

The processes through which the eiliate (?ell passes during division 
indicate that the organism is restored to a generalized condition 
practically equivalent to an encysted cell. Except for the cytos- 
tome the entire array of complex cortical organs is withdrawn and a 
new set is formed from the cortical protopla.sm. This significant 
process first described by Wallengren (1900), later by Griffin (1910) 
in hypotrichous ciliates, has been observed in many forms and is 
probably characteristic of the entire group. It is most clearly 
established in the Hypotrichida where the highly .specialized and 
conspicuous motile organs furnish suitable material for study. 
According to Wallengren’s description the membranelles of the 
adoral zone slowly decrease in length as the process of absorption 
continues and at the same time minute buds of protoplasm appear 
at the-bases of these disappearing membranelles. These bu<ls grow 
pari passu with, the dwindling motile organs until finally the latter 
are entirely absorbed and the buds have <leveloped into functional 
membranelles. In the same way each cirrus is replaced by a new 
gn)wing bud quite regardless of the po.sition in anterior or posterior 
half. Undulating membranes are similarly withdrawn and replaced 
by new ones so that the young cells formed by division of the meta- 
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morphosing parent cell receive a full set of new motile organs com- 
mensurate with the size of the young organisms. The phenomeiion 
is very striking in forms with giant cirri such as the jumping types 
of l&aplotida—Diophrys or Urmyehia. In the latter genus the 
great posterior cirri are the most conspicuous organs of the cell 
(Fig. 107). The buds which are to grow and replace them are appar- 
ent before there is other external evidence of the approaching 
division and even before the nucleus has concentrated into its divi- 
sion form. At the same time similar buds appear in the division 
zone, that which is destined to form the giant hooked cirrus appears 
first and is always larger than the others which appear one after the 
other according to ultimate size. Owing to their minute size it 
has not been determined whether or not the individual cilium is 
withdrawn in like manner and replaced by new ones. In some, at 
least, according to the observation of MacDougall on Chilodm 
uncinaim (1925) such substitution does take place and it is quite 
probable that it is universal. The interesting experiments of 
Dembowska (1925) show that removal of a single cirrus of Siyh- 
nychia mytUiia causes regeneration of the entire motile apparatus, 
but no sudi result follows extirpation of any body region that is 
free from cirri or cilia. 

The phenomenon is obviously analogous to the absorption and 
renewal of flagella in the flagellates. Whether or not there is a 
similar division of the basal bodies of the cilia has not been fully 
established. 

Other evidence of protoplasmic reorganization at division is 
furnished by the history of some of the functional metaplastids of 
the cell. Trichocysts are apparently handed down without change 
(Fig. 21, p. 53), but there is good evidence that the more compli- 
cated aggregates of trichites are absorbed and replaced by new ones. 
This is the case for example in the Chlamydodontidse, where the 
complex oral baskets are replaced by new ones at each division 
Enriques, Niigler, MacDougall, et al., (Fig. 106). 

From this brief survey it is quite evident that far-reaching changes 
of the protoplasmic organization take place at periods of division. 
Both nuclei and cytoplasm are necessary but the micronucleus 
apparently may be lost without destroying the power of the cell to 
divide. Emicronucleate races of ciliates, arising possibly through 
defective reorganization and division after conjugation (see Moore, 
1924), have l^n maintained in culture for many generations by 
division, although they are ultimately lost (see Chapter X). On 
the other hand, the power to regenerate is connected in some manner 
with the micronucleus. Thus young cells of UronycMa tratufftiga, 
when transected with a scftlpel, will regenerate only that fragment 
which contains the micronucleus (Calkins, 1911, Fig. 108; Young, 
1923). In old cells, however, both fragments regenerate regardless 
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Fio. 106.— CAtZodon uncinaiua. Now mouth and baakot replaciuR iho old ones 
prior to cell division. (N,B.) Now mouth and basket; old inoiifh and baakot 

before degeneration and disappearance; (P*B,) now mouth and basket for the pos- 
terior individual after division. (After MacDougall.) 



Fig. 107. — Uronychia transfuga with giant cirri, membranelles used in swimming, 
ten macronuclear segments, and single micronucleus. (After Calkins.) 

16 
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of the presence or absence of a micronudeus, a fact indicating a 
change in organization with advancing age (Fig. 108, 5). 

The fate of the motorium and of the coordinating fibrils at divi- 
sion is still unknown, but the prediction may be made that, like 
other kinetic elements, it also divides during the reorganization 



Fio. 108. — Uronychia trayisfuga^ merotomy and rogencration. 1, cell immediately 
after division, cut as indicated; 2, fragment ii of 1, three days after the operation; 
no regeneration; 3, cell cut five hours after division; 4, fragment A of 3, three days 
after operation, no regeneration; 5, cell cut at beginning of division as indicated into 
fragments A, B, and C; A\ B', C', fragments A, B and C, twenty-four hours after 
the operation; fragment A regenerated into a normal but emicronuclcate individual 
{A^): B, C divided in the original division plane forming a normal individual (CO and 
a minute but normal individual (B') . (After Calkins.) 

process. It is a significant fact that the peristome and the peri- 
stomia! organs appear first in the more specialized anterior half of 
the ciliate cell, and from this position gradually shift to the region 
immediately posterior to the division zone (Fig. 105). In Vorticella 
according to Butschli (1888) after Fabre, the peristome and adoral 
zones are reversed in the daughter cells. 
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n. UNEQUAL DIVISION (BUDDING OB GEMMATION). 

In reproduction by budding or gemmation^ one or more minute 
fragments of the cell are produced by unequal division of the 
organism. Parent and offspring are thus distinguished, their rela- 
tive sizes varying in different cases. In many instances both parent 
and offspring continue to live after such reproduction. In many 
other instances the residual parental protoplasm is no longer able to 
carry on metabolic activities and dies. Illustratiops of both types 
abound in all groups of the Protozoa, the buds being formed either 
on the periphery of the parent in so-called exogenous budding, or 
within the protoplasm of the parent in so-called endogenous budding. 
The minute cells that are formed by budding always contain a por- 
tion, sometimes one-half, of the nuclear structures of the parent 
and may develop ascxually into organisms similar to the parent, or 
they may be differentiated as gametes requiring fertilization l)efore 
development. 

A. Exogenous Budding.— In Mastigophora such reproduction 
by unequal division is uncommon, but may be found in some of 
the simpler types of Chrysomonadida (Pedwella hemcostaUt^ 
Cyrtophora pedicellata, Palatinella cyrtophora, etc. (Fig. 94, p. 200). 
Here a portion or portions of the oral region within the circlet of 
tentacles appear as club-shaped or spheroidal protuberances which 
break way from the parent and develop independently. 

In other cases of unequal division amongst flagellates the parent 
cell dies after giving rise to numerous offspring. Thus in Noctiluca 
viiUaris many bud nuclei are formed by repeated mitotic divisions 
of the nucleus, one division following another so quickly that full 
mitotic figures may be seen connected by the, as yet undivided, 
nuclear strand of the preceding division (Fig. 109). Several hundred 
buds are formed as protuberances on the surface of the cell, each 
with a compact nucleus. These buds when ready to leave the 
parent have the structure of a <linoflagellate with a rudimentary 
tentacle, transverse furrow and a flagellum (see Kofoid, 1920). 

In Sarcodina unequal division similarly results in death to the 
parental protoplasm after the buds are given off, but in many 
suc4i cases the observations arc not convincing. Thus Schaudinn 
(19(K1) described exogenous budding in Kndamosha dyifmteriw 
{Imtolytica) as a normal method of reproduction, but later observers 
interpret such stages as evidence of degeneration of the parasite, 
pathological rather than cyclical (see Darling, Dobell, (Sutler). 
Quite similar budding phenomena described by Schaudinn for the 
Leydenia form of Chlmnydophrys fttercorea, and by Hogue for the 
oyster parasite Endamaeha calkemti and for Endamceba patuxent are 
subject to the same criticism. In ail of these cases there is no divi- 
sion of the nucleus but collections of chromidia function as the 
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nudd of the so-called buds (Fig. 63). In Cmncilrmnia lafleuri, 
Kofoid and Swezy (1921) which is considered an aberrant form of 
Emiarnaiba eoli by some authorites, the phenomenon of exogenous 
budding is quite different from so-called buddmg in the amoebae 
mentioned above. Here according to Kofoid and Swezy, the nucleus 
divides three or more times to form from eight to sixteen nuclei whidi, 
enclosed in buds of cytoplasm are successively pinched off from the 
surface of the amoeba (Fig. 110). 

In Acanthocygiw acvleata according to Schaudinn (1896) and in 
WagnereUa borealis according to Zuelzer (1909) the nucleus of the 
cell divides one or more times by simple constriction and without 
the formality of mitosis or participation of central granule. The 
minute nuclei thus formed wander to the periphery of the cell where 



Fio. 109.— Exogenous buds of NoctUuca miliaris, (After Robin.) 

they are pinched off in minute cells. In AcanthocysUs these buds 
form minute amoebae which after four or five days of activity settle 
down and metamorphose into young Heliozoa. The buds have no 
central granule but during metamorphosis a kinetic element emerges 
from the nucleus and this becomes the central granule of the adult 
Aeardhocystis (Fig. 100, p. 214). In WagnereUa borealis, according 
to Zuelzer, the buds which are formed in a similar manner are 
flagellated, but her description in other respects follows that of 
Schaudinn. 

In Infusoria, particularly in Suctoria, exogenous budding is not 
imcommon. In Ciliata it is comparatively rare and limited appar- 
ently to the Spirochonidee. In Spirochona gemmipara according to 
H^twig a swelling appears at one side of the base of the peculiar 
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funnel-like peristome. The nucleus divides equally, one-half pasring 
into the swelling which, with only partial peristomial development, 
breaks away from the parent and then completes its peristomial 
differentiations. 



Fig. IIQ.—Councilmania lafleuri, a parasitic intestinal amoeba. X, normalt 
vegetative individual; to encysted individuals and formation of eight endo- 
genous buds which escape one by one {B, C), (After Kofoid and Swesy.) 

In Suctoria similar exogenous buds, either single or multiple, are 
formed from the oral extremity of the cell (Fig. 111). Such buds 
are dissimilar to the parent which they come to resemble only after 
a period of metamorphosis and development. 

In Sporozoa with the exception of some Cnidosporidia, eifogenous 
budding is limited to unequal division in gamete-forming processes. 
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Thus in Gregarinida and in microgametocytes of Coccidiomorpha 
the nucleus of the cell undergoes several divisions, the final products 
arranging themselves about the periphery from which they become 
nuclei of variously formed gametes budded out from the surface 
(Fig. 179, p. 420). In all such cases the parent protoplasm dies 
after giving rise to the buds. In some Cnidosporidia, on the other 
hand, budding processes appear to be norqaal activities carried on 



Fig. \\\,”-Ephdota hiktscldiana, a auctorian. Budding individual with five exogen- 
ous buds. Nt branching macronuclous. (After Calkins.) 

during the vegetative life of the organisms. According to Cohn 
(1895) large numbers of buds, each containing several nuclei, may 
be formed from the periphery of Myxidiuin lieberkiihni. The 
phenomenon appears to be an exaggeration of the peculiar process 
of division termed plasmotomy by Doflein, whereby a multinu- 
cleated cell divides spontaneously into two more or less equal parts 
as in Chloromyxum leydigi according to Luhe and Doflein, or into 
several parts, as in the Coccidian Caryotropha vie&mli and Klossiella 
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mufU and termed "schizontocytes,” or “cytomeres” by Siedlecki 
(1902). 

B. Ekidogenoiis Budding.— This type of unequal division is not 
so widely distributed amongst Protozoa as is exogenous budding 
and is apparently not represented at all in flagellated forms. It 
does occur, however, in all of the other groups. 

In Sarcodina endogenous budding has been described mainly in 
connection with the testate rhizopods. In Ce)Uropyxis acukata 
according to Schaudinn (1903) it leads to gamete formation, but 
in Arcella vulgaris, according to Swarzewski (1908) and Elpatiewsky 
(1909) it is a form of asexual reproduction. 



Fio. 112.— EndoKcnous budding in 8uctoria. A, B, two stages in the formation 
of a bud (b) and (c) , of Tokophrya quadri partita; Acincta tuberosa with endogenous 
buds (e) and (d). (From Calkins after HiUschli.) 


In Infusoria internal budding is characteristic of many types of 
Suctoria, but is apparently not represented in the Ciliata. In the 
simplest cases the budding area at the anterior end beeomes internal 
by insinking of the anterior surface and constriction of the bwly walls 
on all sides, so that the reproducing area is enclosed by living proto- 
plasm which thus becomes a potential brood chamber witliin which 
the buds develop. Such buds may be single, as in Tokophrya 
quadripartita (Fig. 112 A, B), or multiple as in Metacinda (Fig. 
112, C), and are always provided with eilia either as girdles or 
otherwise. Through the activity of these cilia the buds swim freely 
about in the brood chamber until they finally emerge through a 
“birth-pore” and after a variable period as free swarmers or as 
parasites in other Infusoria, they develop into adult forms of 
Suctoria. Cilia in Suctoria are thus confined to the embryonic 
stages and their various arrangements on the buds of different species 
recall the types of ciliation in the other branch of the Infusoria. In 
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one genus {Hypocoma) the embryonic cilia are retained throughout 
life. . 

A biologically interesting phenomenon of internal budding is 
described ^y Collin (1911) in the case of Tokophrya cycloj^m: Here 
a brood pouch is formed by the cortical protoplasm within which 
the rest of the protoplasm becomes metamorphosed into a single 
bud with cilia, mature this bud leaves tiie parent membrane 

on its old stalk and swims off as an embryo (Fig. 113). 

In Sporozoa' endogenous budding is manifested in a number of 
different ways. In some it is apparently a method of asexual repro- 
duction, in others it is associated with gamete formation or with 
sporulation. Asexual reproduction by internal budding is illustrat^ 
by some of the Schizogregarinida where a typical brood pouch is 
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Fig. 113. — Tdkophrya cyclopum, the entire cell, except the membrane, is used in 
the formation of a single bud which develops cilia {B) and swims off leaving the old 
riiembrane to shrivel up on its stalk (C). '{After Collin.) 

formed through which the internal buds escape through a birth 
opening as in Suctoria. In Elentheroschmn duboaqui, according 
to Brasil (1906), the nucleus divides repeatedly until many are 
form^ (Fig. 114, A-D). Each is theft surrounded by a small 
portion of the parent protoplasm cut off from the rest of the wll. 
The central portion becomes vacuolated and opens^ to the outside, 
the agamonts making their way through the opening, laying the 
remnants of the parental protoplasm to degenerate. Similarly in 
Schisocyatia aipunculi, Dogiel (1907) described the formation of a 
brood pouch becoming filled with agamonts demed by internal 
budding from the parent, protoplasm (Fig. 114 E-G), Gametes 
formed by internal budding are described by Leger (1907) in con- 
nection with the life history of Ophryocyatia meanill Here after 
two “maturation” divisions of the nucleus in each of the gamonts 




Fio. M4.— Endogenous budding in Gregarinida. A to D, EleiUheroschizon duhonqui 
and formation of endogenous agametes. (After Brasil.) E to G, SchizocyniU sijmnculi 
and similar formation of agametes. (After Dogiel.) 


and the zygote is formed by union of the two in the parental brood 
chamber. 

The phenomena of internal budding in the amoeboid Myxosporidia 
of the Cnidosporidia, are still different in character and fate of the 
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Fio. 115.— Gamete formation and fertilisation in Ophryocyatia meanili. At two 
individuals attached by processes to ciliated cells of a Malpighian tubule of Ten^i/no 
monitor; Bt union of gamonts in pseudoconjugation; C, I>, Et prpbable meiotic 
divisions of nuclei of the two gamonts; to /T* formation of two gametes and their 
union in fertilisation; L to Nt metagamio divisions resulting in eight sporosoites in 
the sin^e sporoblast. (After L5ger.) 
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buds. Here in the endoplasm local islands of protoplasm are quite 
separated from the surrounding protoplasm of the parent. Such 
islands, called pansporoblasts by Gurley (1893) or internal “cells” 



Fio. 116 .— Internal buds or '*genamules, " h, of Sphterospora dimorpha, 
a myxosporidian. (After Davis.) 
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by Davis (1916) are specialized reproductive centers in each of 
which one or more sporoblasts are formed. In the same living 
parent organism internal buds in various stages of maturity may be 
present and in some cases the amoeboid parent organism may 
ultimately become a mere cyst wall containing large numbers of 
encysted young. A quite different type of internal bud called a 
"gemmule” is formed in Sphcerospora dimorpha according to Davis 
(1916). These correspond to the agamont buds of the gregarines 
and leave the cell in much the same way as do the buds of CouricU- 
mania (Fig. 116). 

m. MULTIPLE DIVISION (SPOBE-FOBMATION). 

In reproduction by multiple division the entire protoplasm breaks 
up simultaneously into a brood of minute young, a mere fragment 
with perhaps a residual nucleus, may be left unused. Although the 
end-product may be the same there is a difference in principle 
between rapidly following divisions of cells within a cyst (as in 
Colpoda cucuUvs) and the fragmentation of a cell into many minute 
cells. There is less difference between sporulation and multiple 
endogenous budding as in Schizocyaiis or Eleutheroachizon descril^ 
above. 

Multiple division in many cases remits in the formation of a 
brood of smaller cells which develop directly into organisms similar 
to the parent. In other cases the representatives of the brood are 
differentiated as gametes, and fertilization is necessary before devel- 
opment begins. We thus distinguish between sexual and asexual 
generations of spores, a distinction mainly characteristic of parasitic 
forms, but typical of many free-living types as well. In still other 
■cases multiple division may follow imm^iately after fertilization, 
a phenomenon which is highly developed in the Sporozoa where the 
ultimate products of division— sporozoites— have a renewed poten- 
tial of vitality. 

Multiple division or spore formation thus may occur either in the 
agamont (asexual) phase, or in the gamont and zygote phases 
(sexual) of the life cycle. Division, budding or sporulation in the 
asexual phase is called agamogony (» schizogony); in the sexual 
phase gamogony ( = sporogony). In the great majority of Protozoa 
the two phases toother in an alternation of generations, make up a 
complete life history. 

In Mastigophora with the exception of the highly differentiated 
Phytomastigida, sexual processes ^ve in no case been safely estab- 
lished, multiple division., when it occws being agamogony. Many 
of the Euglenida in the Palmella stage have been described as giving 
rise to a . multitude of spores, but such cases are more probably . 
examples of repeated cell division under the protection of cyst 
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membranes as is the case in numerous Dinoflagellida, in Chloro- 
gonium euchhrum (Fig. 117), Phacotus lenticularius, etc. In animal 
flagellates, however, particularly the parasitic forms, a highly char- 
acteristic method of multiple division is widely distributed. Here in 
certain phases or under conditions not yet well understood, trypano- 
somes, trichomonads, lophomonads and other parasitic flagellates 
undergo a process of asexual sporulation to which the speciflc term 
“somatella-formation” has been applied. It is well described by 
Minchin and Thompson (1915) in the case of Trypanosoma lewisi 
(Fig. 118) as follows: 

\ 



A B C D B 


Fia. 117 . — Chlorogonium euchlorum^ formation of Knnictos. A, B, iiiiicroKainrto- 
C3rte forming eight macrogamotes; C, i?, microgamotocyto forming mirTfigainctes. 
(From Doflein after Stein.) 

“The parasites when taken up by the flea {CeratophyUusfasmHvs) 
pass with the ingested food into the stomach (mid-gut) of the insect. 
In this part they multiply actively in a peculiar manner, not as yet 
describe in the case of any other trypanosome in its invertebrate 
host; they penetrate into the cells of the epithelium, and in that 
situation they grow to a very large size, retaining their flagellum 
and undulating membrane, and exhibiting active metabolic changes 
in the form of the body, which in early stages of the growth is 
doubled on itself in the hinder region, thus becoming pear-shaped 
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or like a tadpole in form, but later is more block-like or rounded. 
During growth the nuclei multiply, and the body when full-grown 
approaches a spherical form, and becomes divided up within its 
own periplast into a number of daughter individuals, which writhe 
and twist over each other like a bunch of eels. within the thin 
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Fio. 118 . — TrypanoBoma lewisi. Cycle in the rat-flea CeraiophyUuB fasciatua, 
1, 2, blood trypanosomes entering the stomach; 3,4, entering epithelial cells; 6 — 10, 
intracellular somatella-formation; 11, 12, adult trypanosomes leaving cell; A^, young 
trypanosomes repeating intracellular phase; C, Crithidial forms; H, haptomonads 
reproducing by division. (After Minchin and Thompson.) 


env^pe enclosing them (Fig. 118, 11‘). When this stage is reached, 
the flagellum, which hitherto had been performing active movements 
and causing the organism to rotate irregularly within the cell, 
disappears altogether, and the metabolic movements cease; the 
body becomes almost perfectly spherical, and consists of the peri- 
plast envelope within which a number of daughter trypanosomes 
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are wrigglmg very actively; the envelope becomes more and more 
tense, and finally bursts with explosive suddenness, setting free 
the flagellates, usually about eight in number, within the host cell 
(Fig. 118, 12). The products of this method of multiplication are 
full-sized trypanosomes, complete in their structure, and differing 
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Fia. 110 . — Polystomella crispa. A, zygote, (A) develops into an organism with a 
microsphieric type of shell (B) in which the nucleus divides by mitosis until many 
nuclei are present which form chromidia. The protoplasm fragments into reproduc- 
tive bodies or agametes, each having several granules of chromidia (C) . Each agameto 
develops into an adult with a macrosphseric-type of shell (D.E.): when adult these 
fragment into hundreds of flagellated gametes (F) which fuse in fertilization and so 
complete the cycle. (From Lang and Schaudinn.) 


but slightly in their characters from those found in the blood of the 
rat. They escape from the host-cell into the lumen of the stomach.” 
(loc. cit. p. 299). 

Similar multiple division phases have been described for Tryjmno- 
soma cruzi (Chagas, Hartmann), for Evirichomastix gerpentia, and 
Tetratrichomonas prowazeki (Kofoid and Swezy), Ijophonumm blattoB 
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(Janicki) and others. In these cases, as in Trypanosoma Uwisi, the 
number of individuals formed is usually eight. 

In Sarcodina there is a typical alternation of generations combined 
with multiple division best illustrated in the Foraminifera. Accord- 
ing to the independent observations of Schaudinn (1903) and Lister 
(1905) the zygote develops into an agamont characterized by an 
initial central chamber of relatively minute size, (microsphieric shell, 
Fig. 119, B). When fully grown the chromidia-laden protoplasm 
breaks up by multiple division into a great number of amceboid 
agametes (pseudopodiospores) each with a number of chromidial 
granules which fuse to form a nucleus. 'Each agamete develops 
into a gamont or individual of the sexual phase, characterized by a 
large initial central shell-chamber (macrosphseric shell Fig. 119, 
1), E). When these gamonts are mature, they also break up by 
multiple division into myriads of flagellated gametes (flagellispores, 
F). These are isogametes which fuse two-by-two, forming zygotes 
and these zygotes repeat the cycle by developing into microsphseric 
individuals (Fig. 119, A). Similarly in ArceUa vulgaris there is an 
alternation of generations which is even more complicated than that 
of the Foraminifera according to the descriptions of Swarczewsky 
(1908) and Elpatiewsky (1909). A zygote (amoebula) develops 
into a typical adult ArceUa agamont. This reproduces by aga- . 
mogony in no less than four ways if these observers are correct. 

A first method is by exogenous budding whereby agametes 
(amoebulse) are liberated to develop again into agamonts. Another 
method is by multiple endogenous budding whereby many agametes 
are formed each of which develops into an agamont. A third 
method involves the desertion of the parent shell and of the primary 
nuclei by the bulk of the protoplasm and secondary nuclei formed 
by chromidia, and breaking up of this mass into agametes which 
likewise develop into agamonts. Ultimately these agametes develop _ 
into gamonts which become either macrogametocytes or microgame- 
tocytes, or gamonts which conjugate as do the ciliates with an 
interchange of chromidia (chromidiogamy). The macrogametocytes 
by multiple division give rise to macrogametes, and microgameto- 
cytes to microgametes. A macrogametc is fertilized by a micro- 
gamete and the resulting zygote repeats the cycle. 

Multiple division is safely established for a number of lladiolaria 
although it is not yet determined whether the products are agametes 
or gametes. In many cases the flagellated swarmers which are 
thus fprmed by one individual are large while those formed from 
another individual are smaller. This has led to the view that .the 
swarmers are anisogametes, but actual fertilization has not been 
safely established. They are formed from the materials of the cen- 
tral capsular protoplasm, which at first uninucleate, becomes multi- 
nucleate by repeated divisions of the nucleus. Comparatively 
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little cytological work has been done on these forms which offer a 
promising field for further research. According to Brandt (1885) 
the nuclear material is distributed about the endoplasm in the 
form of many clumps of chromatin which later become vesicular 
nuclei and undergo mitotic divisions. Hertwig (1879) describes 
the nucleus of Acanthomeira as composed of a large endosoine and 
9 massive peripheral zone of chromatin which metamorphoses into 
a great number of small nuclei. In Aulacaniha scolymantha accord- 
ing to Borgert (1900) the great primary nucleus gives off minute 
chromatin vesicles until the entire substance of the original nucleus 
is thus distributed in the endocapsular plasm and these become 
minute nuclei which now divide by mitosis. Ultimately the 
central capsule is dissolved, the phseodium disappears and the proto- 
plasm breaks up into many small spheres each with several nuclei. 
Differences in these spheres indicate the later differences in the 
resulting swarmers. A somewhat similar history has been described 
for the giant nucleus of Thalassicola, but despite the observations 
of Brandt (1885) Hartmann and Hammer (1909), Huth (1913), 
Moroff (1910) and others, the significance of the i)eculiar processes 
is not clear. A rather unusual phenomenon is described by Haecker 
(1907) in Oroscena regalia. Here the huge single nucleus of the 
central capsule divides into two nuclei of which one remains as a 
functional nucleus of the organism, the other is interpreted as giving 
rise to gametocyte nuclei. There is also some evidence, not con- 
clusive indeed, that an alternation of generations occurs, somewhat 
as in Foraminifera. Some types give rise by multiple division to 
isospores, e. g., Aulacantha, which are biflagellated cells with 
characteristic crystalloid structures interpreted by Brandt as the 
product of an asexual generation. Other individuals of the same 
species give rise to broods of anisospores which are interpreted as 
microgametes and macrogametes representing the sexual generation. 

In Mycetozoa multiple division is characteristic but aimplicated 
by the typical plasmodium nature of the organisms. Such plas- 
modia are formed usually by the plastogamic union of amwbH! arising 
from spores, the nuclei remaining separate and thus forming a . 
muitinucleated protoplasmic aggregate. Many of these nuclei 
degenerate (Kranzlin, Jahn); some become active agents in the 
formation of specialized structures of the fruiting bodies (elaters, 
etc., Kranzlin, 1907) ; others divide by mitosis to form nuclei of the 
spores contained with the elaters in the spaces of a meshwork formed 
by a special protective and supporting part of the fruiting bodies 
called the capillitium (Fig. 146, p. 328, see also p. 326). 

Multiple division in the Sporozoa is characteristic of practically 
all Coccidiomorpha, particularly in agamogony. The nuclei divijle 
repeatedly by mitosis until many are formed, after which the body 
plasm breaks up into as many agametes as there are nuclei. In 
le 
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many cases a portion of the old cells is left unused or not included 
in the protoplasm of the offspring. Thus in Plasmodium vitax 
and other malaria organisms, the pigmented granules (melanin) are 
left behind when the agametes separate (Fig. 120) ; in many coccidia 
the agametes are oriented in respect to such residual products. 
Multiple, division is also characteristic of the developing zygotes of 
gregarines and htemamGebidse, the eight sporozoites of gregarines 
and the multitude of sporozoites of Plasmodium being formed in 
this manner. 



-4 B . C 

Fici. 120. — Malaria organimiiH. A, Plasmodium vivax in blood corpuaolc; H, name 
in agameto formation with distributed melanin (m). Plasmodium malarite, 
agameto formation with concentrated melanin, c, red blood corpuscle; m, melanin; 
n, nuclei; />, parasite; v, vacuole. (After Calkins.) 

In the above account of the reproductive activities of the Protozoa 
no attempt has lieen made to f?ive an exhaustive treatment, but 
other examples will be given in the following chapters on classifica- 
tion. 

In many cases in the above description there is evidence of 
reorganization of the protoplasm and evidence that may be inter- 
preted as supporting Child’s view of de-differentiation as an ofl'set 
to the accumulation of products of metabolism which hamper 
further metabolic activities (p. 208). Some of this evidence is 
given in connection with the phenomena of equal division, partic- 
ularly in division of the ciliated forms and the conclusions reached 
are in agreement with Child’s. Hartmann, also, comes to a similar 
conclusion in connection with the cultural history of Eudorim 
elegans (1923) and from merotomy experiments with Ainceba poly- 
podia (1924). In the latter an individual was cut in two fragments; 
the nucleated part regenerated but instead of permitting it to 
divide it was cut again when fully grown. This process was repeated 
until the original amoeba had been cut 32 times in forty-two days 
and without an intervening division. The control amcebue from 
the same clone divided’ 15 times in the same period. This experi- 
ment would appear to confirm Chihl’s argument that amputation 
of a part of the differentiated protoplasm would effect a partial 
rejuvenescence, and Hartmann interprets it in this way: “Repro- 
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duction,” he says, ‘‘may rightly be interpreted as a process of reju- 
venation. Our continued amputations in these experiments provide 
a substitute for the rejuvenating effect of reproduction” (1924, 
p. 458). His further conclusion that his results “indicate experi- 
mentally, a potential immortality of the protozoan individual” 
(p. 456) can scarcely be allowed on the basis of forty-two days* 
experience. A single individual of Urolepitts mobilis has lived for 
more than ninety days without dividing, and similar but younger 
individuals have been cut as in Hartmann’s experiments, to find out 
if ciliates would sustain Child’s conclusion. The results (not pub- 
lished) were invariably negative, although JJroleptua is an exctJlent 
type for this kind of work and invariably undergoes rejuvenescence 
after conjugation and after endomixis (see Chapter XII). 

With unequal division by budding and multiple division there is 
further evidence of reorganization with reproduction. The small 
cells that are budded off contain none of the differentiated cellular 
elements of the parent organism. The spores are likewise ])rovided 
with jjrotoplasm whose activities are unhampered by accumulated 
products. This is clearly evident in the asexual reproduction of 
Pldsmodinm vimx (p. 242), and is well illustrated in forms where 
specnalized structural elements are indications of the differentiations 
which the old protoplasm has undergone. Thus in Mycetozoa 
some of the hundreds of nuclei degenerate and give rise to spiral 
elaters which with their spiral walls are made up of microsomes and 
kinetic elements (Strasburger, Kraiizlin), while parts of the proto- 
plasm become differentiated into encrusting peridia and supporting 
capillitia. All of these differentiations are left behind when the 
spores are formed and distributed. Analogous somatic structures 
are also characteristic of the spore-forming stages of some types of 
Gregarinida and Myxosporidia. In the former the spore-contain- 
ing organs are either relatively simple spore cysts as in Monocy-Htu 
types (Fig. 179, p. 420) or more complicated structures— sporangia 
—of some poly(?ystid gregarines (e, g., Kchimmera hlspidn or fVrfv 
garina cuneata). In the former the spores are dispersed by the 
formation of gas which bursts the cyst membranes. In the latter, 
finger-formed tubes are developed from the peripheral protoplasm 
of the cyst. These are formed from residual “chromidia” which 
c?ollect in rings about the periphery and from whi(?h the finger- 
formed tubes grow into the mass of developing zygotes (Fig. 121). 

When the cysts are mature absorption of water causes the rupture 
of the cyst walls, the tubes are forced out and evaginated as an 
inturned glove finger may be blown out. The spores then are 
distributed through these hollow tubes or sporoducts. 

In Myxosporidia still more complicated structures recalling the 
capillitia of Mycetozoa, are characteristic of the spore-forming 
stages. In Sphwromyxa sabrazesi according toSchrckler (1907) and 
in Myxobolus pfeifferi according to Keysselitz (1908) the internal 
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bud (pansoproblast) which is destmed to form the spores, contains 
two nuclei, one of which is smaller than the other. These nuclei 
increase by division until there are 14 altogether; 2 of these 
degenerate without further function, and the remaining 12 are 
divided into two groups of 6 each, the protoplasm dividing with 
them to form two protoplasmic multinucleated bodies whidi will 
develop into sporoblasts (h'ig. 186, p. 447). Of the 6 nuclei in each 
cell, 2 are “somatic” and take part in the formation of the shell or 
capsule of the sporoblast; 2 others are also “somatic” and participate 
in the formation of the polar capsules and threads characteristic 
of the Cnidosporidia; the remaining 2 nuclei persist as germinal 



Fi«. 12\. --Crcgarina cuncxUa, A, surface view of sporocyst with npe siioroblasts 
issuing from sporoducts (c). B, C, sections of sporocyst with ripening spores and 
developing sporoduet (/). (From Calkins after Kuschakewitsch.) 

nuclei which, according to observations of several different authori- 
ties, later fuse into one (p. 547). 

In all of these cases the specialized structures accompanying 
spore formation are formed only at one period in the life cycle and 
a period which comes at the end of long-continued metabolic activ- 
ity. They represent therefore, a differentiated protoplasm which is 
not evident in the protoplasmic make-up of the progeny. What 
is true of these visible^ differentiations is also prolmbly true of 
analogous differentiations which are not visible, and we have reason 
to believe that the products of unequal division and of multiple 
division are not encumbered by protoplasmic conditions yrhich 
hamper vitality— iu other words, that they have undergone rejuven- 
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escence. Such young forms have again the potential of vitality 
of the genotype and are able to go through the series of differentia- 
tions which are characteristic of the life of the genotype. 

nr. DEVELOPMENT. 

In Metazoa, development starts with the fertilized egg and con- 
sists in the progressive formation of organs and organ systems by 
differentiations, and grouping of differentiated cells. A strict com- 
parison of Protozoa with Metazoa in development would involve the 
history of a fertilized cell through all phases of asexual reproduction 
(comparable w:ith somatic cell division) to the gamont stage. Only 
by a fanciful interpretation, however, can the entire progeny of a 
single fertilized cell of Protozoa be regarded as an individual similar 
to a metazoon, although there are similar phases of vitality which 
may be indicated in common by the terms youth, maturity and age 
(see Chapter X). The protozoan ‘"individual,’’ however, is a single 
cell and as usually seen is in the agamont stage. In the majority 
of Protozoa little or no development is necessary, the daughter cells 
being almost perfect individuals when formed and similar enough 
to the parent to be mistaken for nothing else. Here the only pro- 
cesses that can be regarded as development are those which have 
to do with the formation of shell structures, as in Dinoflagellata, 
Cohps hirtm, etc., and the new development of anterior parts of 
posterior daughter cells and posterior parts of anterior cells. 

It is quite different, however, with the products of multiple bud- 
ding or of multiple division. Here the young forms are unlike the 
parent and during growth, undergo changes which may properly 
fall under the heading of development. In some cases, for example 
in Foraminifera, Mycctozoa, and Sporozoa, the small fragments 
produced by a parent require fertilization in order to develop. The 
zygote of PolystomeUa crispa or of TricJujsphwrium ftwhoUli, formed 
by the fusion of flagellated gametes (flagellispores) develops into 
the asexual generation by protoplasmic growth and nuclear division, 
but without cell division, development of the former f>eing indicated 
externally by the formation of a many-chambered shell. Similarly 
in the Mycetozoa the zygote formed by amcelK)id or flagellated 
gametes develops into a plasmodium by cell fusions and nuclear 
divisions. 

In. the Sporozoa the zygotes, formed by union of similar gametes 
(isogametes) or of dissimilar gametes (anisogametes) undergo a 
variable number of metagamic divisions, three in the majority of 
Gregarinida and two or more in the Coccidiomorpha. The end- 
result of such metagamic divisions is the formation of two or more 
similar sporozoites which are entirely different from the adult indi- 
viduals and undergo a more or less complex development. When 
they are introduc^ into a new host the sporozoites are liberated 
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from their capsules, or introduced naked into the blood by some 
intermediate host. They make their way to the definitive site of 
parasitism, penetrate into cells and begin their development. In 
the simpler gregarines only the young stages are passed in such host 
cells and growth is not accompanied by any marked structural 
differentiations. In the polycystid gregarines the parasite never 
becomes entirely detached from its host cell until it is fully mature 
and de-differentiation begun by the loss of the attaching organ 
(epimerite). With its growth the body becomes differentiated into 
an anterior chamber (protomerite) and a nucleus-holding posterior 
chamber (deutomerite) and in the different species these three 
portions of the cell become variously ornamented and specialized. 
The epimerite particularly becomes modified in different ways that 
are useful for purposes of anchorage. It may be a mere ball of 



Fia. 1 22.— Development of a polycystid gregarine (schematic) . (After Wasielewsky.) 

protoplasm as in OregariTUi longa; a spade-shaped structure as in 
Pikocephalvs herri; a long knobbed proboscis either simple or pro- 
vided with spines as in Stylorhynchm longicoUw or Geniorhynchm 
mimnieri; or there may be many finger-form processes as in Echino^ 
mera hispida or thread-like processes as in Pterocephalus giardi. 
In Corycella armata it becomes a single crown of hooks; in Beloides 
firmiis hooks combined with a lone spine. While these epimerites 
serve primarily for attachment, they also serve, in some cases at 
least, as food-getting organs which they take at the expense of the 
host. In Pyxinia mcebivszi the epimerite forms a long haustoria-like 
process which extends through the epithelial cell of the gut and 
into the blood lacunae of the submucosa (Fig. 93, p. 196) and in 
Stylorhynchus longicollis a canal is said to extend from the tip of the 
epimerite through the primite and into the deutomerite of the 
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parasite serving for the passage of food (Leger). An extreme case 
of gregarine differentiation has been described by Drzewiecki in 
Stomaiophora coromta in which mouth, peristome and anus are said 
to occur. (Reference from Doflein, 1916.) 

The buds of Suctoria have a rather complicated developmental 
history, especially in forms whose ‘Wbryos” are parasitic in other 
Protozoa (Sphcerophrya species). The buds possess cilia which are 
arranged in different patterns in the various species, and by which 
they swim actively about until they finally settle down for develop- 
ment. They also possess, as a rule, some longer cilia at the anterior 
end which have been homologized with the adoral zone of the ciliated 
Infusoria, and at the posterior end they possess a sucking disc by 
means of which the buds attach themselves to some solid object 
either living or lifeless, and from which a stalk is developed. With 
growth of the stalk the cilia are absorbed and tentacles— suctorial, 
piercing or seizing— are developed. In the parasitic forms the cili- 
ated embryos may develop tentacles while in the motile condition, 
but on coming in contact with a quondam host, cilia and tentacles 
are absorbed and as an ectoparasite the young form makes a pit 
in the cortex of the host. It may then repro(lu(?e by cell division 
in 'this pit until as many as 50 or more are produced, and these 
escape through a slit-like birth opening of the improvised brood 
pouch. 

In some types of Protozoa finally, especially in the colonial 
flagellated forms, the single cell undergoes a series of cleavage 
stages the secpience of which is similar to that of many types of eggs 
of Metazoa. This is particularly striking in forms like (Imiuvi 
2 )ectoralr, PJatydorina catidata, Stepham)sphcera plmiaHs, etc., which, 
as adults, consist of definite numbers of cells arranged in definite 
patterns (Pig. .‘1, p. 21). 
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CHAPTER VI. 


SPECIAL MORPHOLOGY AND TAXONOMY OF THE 
MASTIGOPHORA. 

The Protozoa are usually grouped as a phylum of the animal 
kingdom, notwithstanding the fact that many of them are much 
more plant-like than like animals. They have also been regarded, 
quite generally, as the “lowest” types of animals from which the 
Metazoa have been evolved, various classical theories by Haeckel, 
Lankester, Biitschli and Metschnikoff attempting to trace back the 
metazobn gastrula to prototypes amongst the colonial flagellates 
many of wMch are much more closely related to the higher plants 
than to Metazoa («. g., Volmx, Synura, Gonium, etc.). It is quite 
conceivable, as Franz (1919) has pointed out, that such theorists 
have started with a fundamentally wrong assumption and that all 
Protozoa, instead of being primitive, have been derived from 
higher plants or animals. The latter point of view, which falls 
in line with the startling suggestion elaborated in Bateson’s presi- 
dential address of 1914 has much to recommend it, although much 
might be said against it. It is useful at any rate, if only to challenge 
the easy assurance so evident in most general zoological text-books, 
that Protozoa are primitive animals and that Metazoa have been 
derived in direct line from them. 

Protozoa, primarily, are single-celled organisms which, together 
with bacteria and the single-ceHed plants, comprise the group to 
which Haeckel’s term Protista (1868) has been applied. Protista, 
or even Protozoa, as Newman (1924) has suggested, pay well be 
regarded as a separate kingdom of living things with many charac- 
teristic features of the plant kingdom on the one side, and of the 
animal kingdom on the other. It includes the phylum Bacteria, 
many of the Frotophyta, and the phylum Protozoa, each with 
indefinite boundaries. Of these the Protozoa alone are essentially 
animal-like, but, through the chlorophyll-bearing forms they inter- 
digitate closely with the Protophyta, and through the Spirochsetida 
with the Bacteria. 

GLASSmCATION OF THE PHTLOM PROTOZOA. 

The inadequacy of any formal statement to convey an idea of 
the range of forms, structiu^s and activities of the Protozoa is recog- 
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niz^ by all who are familiar with the group. A glimpse of the 
variety may be possible in a brief summary of the classification which 
is based in the' main upon general organization for carrying out the 
fundamental activities. The four great groups— Mastigophora, Sar- 
codina, Infusoria and Sporozoa, are natival groups with the excep- 
tion of the Sporozoa : The first characterized by motile organs when 
present in the form of vihratih flagella; the second by protoplasmic 




Fio. 123 ."— Criatispira anodontw with spirally wound crista; and flaKclluin insertion 
in bacteria. (Former from Fantham, latter from Btitschli.) 


projections known as paevdopodia, some types of which are motile 
organs. In the third group motile organs are in the form of minute 
Inidi -Hkft cUia, which are invariably present in some stage of the 
life cycle. The Sporozoa finally are characterized by the general 
absence of motile organs, by the invariably parasitic mode of life, 
and by the method of reproduction. 

The four main groups of Protozoa should have the taxonomic 
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value of sub-phyla, each with its own peculiar type of structural 
and functional differentiations. Of these we regard the Mastigo- 
phora as the central group from which the present day Sarcodina, 
Infusoria and Sporozoa have been derived, either directly or indi- 
rectly, evidence of which has been given in the preceding chapters. 

The Spirochsetida are not included here, as their main characteris- 
tics place them much closer to the bacteria than to Protozoa. Their 
transverse division and spore formation through coccoid bodies 
are not duplicated amongst flagellated Protozoa, but are distinctly 
Spirillum-likc. The columella of Spirochceta and the crista of 
Oistispira (Fig. 123) are not homologous with the undulating 
membrane of Trypanosoma as was earlier assumed. In short, 
there is nothing in their morphology or life histories that justifies « 
their inclusion in the group of IVotozoa. 

SUB-PHTLUM MASTIOOPHORA. 

Classification of the flagellated Protozoa involves an old problem 
of distinguishing between animals and plants, and while the diffi- 
culty is more or less of an academic character, there are so»ne prac- 
tical problems connected with it. A large number of the flagellated 
Protozoa iM)ssess chlorophyll through which, by energy of the sun- 
light, they are enabled to manufacture their own food. Such auto- 
trophic nutrition is the most characteristic feature distinguishing 
plants and animals, but the real difficulty lies in the fact that many 
such chlorophyll-l)earing forms are heterotrophic in nutrition. To 
classify such forms as either animal or plant is unsatisfactory and 
it seems Iwst to frankly admit that they lie on the boundary between 
the two great groups. Another difficulty in clas.sification of the 
flagellates is the difficulty of drawing the line between bacteria and 
Protozoa, or between unicellular'- Protozoa and multicellular plants 
and animals. Here again, certain organisms lie on the boundary line. 
Volvox and other phytomastigfda, for example, closely approach the 
many-celled plants. There is no difficulty, however, in distinguish- 
ing l)etween Metazoa and Protozoa. 

The sub-phylum, as a whole, manifests a high potential of evolu- 
tion with highly developed powers of adaptation, resulting in the 
most diverse modes of life from intracellular parasitism to life in 
the purest drinking water. The typical form is elongate and 
ovoidal, variable, however, in many. cases of pseudopodia-liearing 
forms, or variable by virtue of the highly metalM)lic plasm. The 
cortex, however, in many cases may be firm and rigid, resulting in 
a permanent form of the cell. Highly sculptured membranes of 
pseudqchitin or cellulose are frequently present; gelatinous secre- 
tions are prevalent. These may be of p.seudochitin or cellulose 
and frequently form a matrix in which the individual cells lie. 
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Colonies thus arise of gregaloid, sphieroid, arboroid or eatenoid nature. 
In many of the plant-like forms, the motile stage is frequently 
transitory, the cells throwing off or withdrawing their flagella, 
secreting jelly and passing into a resting stage. Here, they may 
reproduce by division, giving rise to aggregates known as the 
Palmella phase. In some cases, this phase is dominant, the motile 
stage l)eing extremely short; in other cases, the motile stage is 
dominant and the Palmella-stage short. This condition must be 
distinguished from encystment where the cells secrete a rysistant 
membrane within which they are able to withstand adverse external 
conditions. 

A typical flagellum consists of a periplastic sheath continuous 
with the periplast of the cell, and an axial, highly' contractile fila- 
ment. The latter penetrates more or less deeply into the endoplasm 
where it arises from the substanct) of a definite kinetic center. 
The number of flagella is highly variable, sometimes I, 2, .‘I, 4, (>, 
8 and many being characteristic of different species. When more 
than one are present, they may be similar in size and structure or 
diverse. In the latter case there may be one main locomotor 
flagellum and a second more minute aw^essory flagellum. In some 
eas^, one flagellum is directed anteriorly, the other posteriorly. 
The latter is usually larger, heavier, and less active, behaving like 
a trailing flagellum or a runner on which the cell moves over the 
surface. It is i)ossible that such a trailing flagellum may remain 
or become attached to the body i)eriplast which may be drawn out 
ledge-like, and cause it to vibrate or undulate with the movements 
of the flagellum. Such may be the possible origin, in some cases 
at least, of the undulating membrane found in a number of typ<‘s. 
The insertion of the flagellum varies. In some cases a simple endo- 
plasmic basal granule or blepharoplast is the sole representative of 
a kinetic complex. In other cases the basal bod.\', giving rise to 
the fljigellum, is separated from the blepharoplast, the two kineticr 
centers being connected by a rhizoplast. In other cases all kinetic; 
bodies may be concentrated in one relatively large kinetic center; 
or the parabasal body, basal body and blepharoplast may be separate 
elements in the cell connected or not by rhizoplasts. This matter 
of insertion is one of the essential differences between the so-called 
flagella of bacteria or spirochsetes and animal flagellates. In the 
former the axial filament is absent, the so-called flagellum arising 
from the periplast (see Chapter II). 

Pseudopodia, in addition to flagella, are common throughout the 
entire group, and as in Sarcodina, may In? of the axopodia or IoIki- 
podia type. In forms with axopodia the close resemblanc*e between 
the flagella and the pseudopodia in respect to origin and motility 
lends support to the view that the two are homologous strilctures 
and that axial filaments of heliozoon pseudopodia and axial fila- 
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ments of flagella belong to the same category of kinetic elements 
(p. 141). Filopodia or ray-like pseudopodia without a»al filaments, 
are present in some of the Chrysomonadida; lobopodia are widely 
distributed in the same group and in the Rhizomastigidce. 

A definite cytopharynx even in the chlorophyll-bearing forms is 
frequently present, in which case the fiagella arise from its walls. 
The function in many cases is only conjectural, but in other cases 
it acts as a cell mouth or cytostomc for ingestion of solid food, and 
in still other cases provides a receptive area for intake of food in 
saprozoic forms. Contractile vacuoles usually empty into it either 
directly or through the medium of reservoirs and canals. 

Contractile vacuoles are either simple or complex. The simple 
vacuoles have no accessory structures; the complex vacuoles form 
a vacuole system consisting of smaller contractile vesicles which 
empty their contents into a common reservoir, the latter being con- 
nected with the outside by a longer or shorter canal. Such complex 
systems are characteristic of the Euglenida and the Chloromonadida. 
Non-pulsating vesicles known as pusules, serving a hydrostatic 
function, are characteristic of the Dinoflagellida. 

Nuclei are either vesicular or massive in type, the former pre- 
dominating. A single nucleus is the rule but there may be two 
(Giardia) or many (Cahnympha, Sphtemnympha, etc.). A central 
nuclear mass (endosome) is typical and may be a combination of 
chromatin, plastin, or chromatin and plastin, with a kinetic (endo- 
basal) body. The division figure assumed by the nucleus during 
reproduction may be one of an enormous number of variations. 

The classification of flagellated Protozoa is not yet on a satisfac- 
tory basis and a “natiual” system appears to be impossible with our 
present limited knowledge. Any classification, however, should 
be considered a means to an end and, except for a few specialists, 
not an end in itself, and any sy^em which furnishes a comprehensive 
idea of the wealth of form and function in these Protozoa is adequate 
until a better one is forthcoming. Biitschli’s (1884) system Iwsed 
upon the nature and number of the flagella was superseded by that 
of Klebs (1893) who found that the nature of the anterior end or 
mouth-bearing parts gives a better means of grouping than do the 
variable flagella, especially when combined with the method of 
nutrition. I^nn (1900) adopted the same principle for his major 
groups while the larger sub-groups were based upon the nature of 
the contractile vacuole and the yacuole system. In his classifi- 
cation the nature of the cortex and its secretions in the form of 
gelatinous membranes, tests, shells, stalks, etc., formed the basis 
of generic distinctions,^ together with the number and structure of 
the flagella, metaboly or rigidity, undulating membranes, etc. 
This system was adopted on the wholei by the majority of protozo- 
ologists including Minchin (1912) and Doflein (3d ^ition) uiltil 
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it was superseded by the more natural classification of Pascher and 
Lemmermann (1912) which, in the main, is adopted here. 

The chlorophyll-bearing forms are fairly homogenous and together 
with the colorless forms which by reason of their structures and life 
histories belong with them, form a large division of the Mastigo- 
phora. Other colorless forms, not obviously related to chloro- 
phyll-bearing types, form a second large division. These two divi- 
sions are given the value of classes in the present work and with 
their subdivisions will be considered in accordance with the following 
classification: 

Sub-Phylum Mastigophora, Diesing. 

Class I. Phytomastigoda (Phytomastigina of Doflein) 

Order I. Chrysomonadida 
Order II. Cryptomonadida 
Order III. Dinoflagellida 
Order IV. Phytomonadida 
Order V. Kuglenida 
Order VI. ('hloromonadida 
Class II. Zodmastigoda (Zoomastigina, Doflein) 

Order VII. Pantastomatula 
• Order VIII. Protomastigida 
Order IX. Polymastigida 
Order X. Hypermastigida 

Class I. PHTTOMASTIQODA. Doflein em. 

In this group of Mastigophora are included not only the flagel- 
lated forms which by virtue of their chlorophyll are able to live in 
a typical autotrophic manner, but also those forms which, although 
they are colorless, nevertheless by their structures and life histories 
show unmistakable relationship to the chlorophyll-bearing flagel- 
lates. It cannot be claimed that the arrangement of orders within 
the class represents an ascending scale in complexity of structures 
or functions. Each order includes some forms which arc relatively 
simple, others c*omplex, in reganl to nuclear and kinetic structures, 
vacuole system, and cell membrane. In two orders only, the 
Kuglenida and the Chloromonadida, arc the genera all of a higher 
type of organization, while the Phytomonadida, with obligatory 
autotrophic nutrition, are much more advanced in respect to sex 
differentiations than are the representatives of other orders. 

Many of the phytomastigote flagellates are extremely small 
(2 to 4 /i), but the great majority measure from 2.5 to 100 n in length, 
while some exceptional types are relatively large, Noctiluca miliaris, 
for example, with a diameter of 1 to 1.5 mm. 

The typical form assumed is monaxial and ellipsoidal, but there 
are wide variations. Many are polymorphic, passing from sym- 
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metrical to asymmetrical stages and back again; many of these are 
amoeboid, especially in the Chrysomonadida and Cryptomonadida; 
others, particularly the Euglenida, are sufficiently plastic to undergo 
form changes without break or rupture of the periphery as happens 
in pseudopodia formation. Such plastic organisms are said to be 
metabolic and the phenomenon is usually called metaboly.* Pseudo- 
podia formation is found in many different types of flagellates and 
conversely in some rhizopods flagella are present at some stage of 
the life history. Whether to classify such forms as flagellates or 
rhizopods is largely an ac'ademic question which may be answered 
in an arbitrary way by including all colored forms with pseudopodia 
amongst the Phytomastigoda provided a flagellum is present at any 
stage, while in some sub-orders (Rhizochrysidina, Phytodinidse, etc.) 
even flagella are unknowm, the yellow, chromatophore-bearing stages 
alone having been described. 

Amoeboid and Metabolic Tsrpes.— In all cases of amoeboid and meta- 
bolic forms the cell symmetry is variable by reason of the form 
changes due to transformation of energy as a result of destructive 
metabolism, in the absence of Arm and resistant membranes, pel- 
licle, or products of the cortex in the form of lifeless membranes, 
shells, etc. When such cortical structures are present the cell form 
is usually constant, although metaboly may still be observed 
(Euglenwla). The cell membrane may be delicate or heavy; plain 
or striated; smooth or ridged or spinous, and the outline may be 
simple or spirally twisted. It may be covered by gelatinous secre- 
tions or impervious cellulose membranes (Dinoflagellida, Phyto- 
monadida, Chloromonadida) or by calcified shells {Phacoius) or 
j)lates {C()ccoliihir})h)rula) or by silicious plates (Malhmoms) or 
skeleton (Dhtephanvs). In some cases the pseudopodia that are 
formed are tentacle-like and are regularly arranged about the base 
of the flagellum (Cyrtnphora, Pedinella, etc.). 

Flagella.— Flagella vary in numl)er from 1 to 4, very exceptionally 
more than 4. If 2 arc present they may be similar in length and 
in function (isomastigote) in which case both are primary flagella; 
or they may Ihj dissimilar in form and size (heteromastigote) and 
directeil forward, in which case the larger is the primary, the smaller 
the secondary, or there may be 2 or 3 secondary flagella. In many 
cases one (primary) flagellum is directed forward, while a second 
which may be either larger or smaller than the primary, is directed 
backward, and is known as a trailing flagellum (Schleppgeissel). 
In Dinoflagellida one flagellum moves frwly in the surrounding 
water while a second undulates in a characteristic transverse groove 

> The use of the term rHetahoIy in this connection is misleading, metabolism 
meaning the sum-total of chemical processes in the upbuilding and breakdown of 
living protoplasm; all living things arc metabolic in this sense and in using such a 
term with a double meaning the significance is carried with the connotation. 
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or girdle around the cell, giving the impression of an annular row of 
cilia which led to the earlier name Cilioflagellata for the group 
(Fig. 70, p. 136). Multiple flagella are characteristic of the I’oly- 
mastigida and ll^’permastigida. 

Nuclei for the most part are simple vesicular and endosome-lwar- 
ing nuclei, but there are wide variations in complexity so that a 
general description is quite inadequate (see p. 56). 

Chromatophores and Stigmata. — Chromatophores are the most 
characteristic of the plastids in this group. While usually prestmt 
as definite bodies of characteristic size and shape, they are sometimes 
in the form of a vague network (Fig. 124), or as irregular (>Ium])s of 
chlorophyll-holding substances (('hrysomonadida, Cryptomonadida). 
More often, however, they are definitely formed lx)dies, discoidal, 
cup-shape, band-, star-, or rwl-form. Their colors vary from yellow 
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Fio. 124. — Fljigcllatca with chlorophyll in a reticuhiicHl network. .1, /?, ('hrusajms 
mgenc; C, />, Chrympitis fcncstrata. (After Faaclier). 


and brown (Chrysomonadida, Cryptornonadi^la, DinoHaf^ellida) to 
a bright green in the Phytoinonadida, while blue-green an<l red are 
occasionally seen. In all cases the basic color is chlorophyll-green, 
varying in shade as it does in the higher plants; this is often masked 
by overlying colors which in all cases are readily dissolved out by 
alcohol, thus exposing the typical green. 

Many of the chlorophyll-bearing flagellates and a few colorless 
ones (Astasiida?) possess a minute rod-shape, oval or discoidal mass 
of red pigmented oily (lipochroine) substance called the stigma or 
“eye-spot,” which is usually situated in the anterior erul. According 
to France, it may be accompanied by one or more paramylurn bodies 
which function as a lens system. Following Engelmann the stigma 
is generally interpreted as a bit of protoplasm particularly sensitive 
to light rays (see Mast, 1916, 1923). Observations are conflicting 
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as to its reproduction by division in different forms. In Euglena 
according to Zumstein (1900) it divides longitudinally, whereas in 
Uroglena according to Iwanoff (1899) it is newly formed at each 
division of the cell. 

Trichoeysts.— Trichocysts giving rise to gelatinous threads on irri- 
tation and possibly functioning as adhering organoids are found in 
the cortex of some of the Chloromonadida. Much more complex 
cnidocysts are present in some of the Dinoflagellida (Pouchetia, 
PolyhriJeoa). 

Nutrition.— Nutrition in Fhytomastigoda, as indicated by the 
presence of chromatophores and ddorophyll, is essentially autotro- 
phic. Only a few types, however, are constramed by reason of an 
unbroken cellulose covering to live exclusively by autotrophic means 
(Phytomonadida). In all other groups more or less well-defined 
areas for absorption of fluid or solid substances are present and we 
find a combination of autotrophic with either saprophytic, saprozoic, 
or holozoic nutrition. In many of the Chrysomonadida the tem- 
porary or permanent pseudopodia serve as active agents in food- 
getting. Parasitic, or better, commensal and symbiotic types are 
not unknown, species of Euglena and Phacus, for example, are 
usually found in the alimentary tract of tadpoles and frogs (Hegner). 
The entire group of Blastodinidee have become highly mo^ed 
through parasitism. 

Products of destructive metabolism stored up in the cell are fre- 
quently characteristic enough to be useful in classification. Thus; 
starch is never fpund in Chrysomonadida, but leucosin, oils and 
fats . are present. In Cryptomonadida starch-like products are 
abundant but true starch is rarely present. In Euglenida para- 
mylum is characteristic and in the Phytomonadida true starch. 
In many cases, but not of necessity, the carbohydrates are manufac- 
tured in connection with definite bodies, the pyrenoids. 

While the Phytomastigoda are typically motile organisms, moving 
by means of flagella, the majority of them differ from other motile 
l*rotozoa in having the ability to discard their flagella and still con- 
tinue an active metabolic life. Such phases are not to be confused 
with encystment, which involves impervious walls, but while in 
this immobile state feeding and reproduction may continue normally. 
The Rhizochrysidse and Phytodinidse include forms in which flagella 
have never been seen and apparently represent forms in which such, 
usually temporary stages of other types, have become permanent. 
Not infrequently and while in this aflagellate stage, the cells secrete 
a gelatinous enveloping substance and in this, with reproduction, 
typical Palmclla-like aggregates are formed. Such quiescent phases 
are common in all orders of the group with the exception of 
the Chloromonadida and become the dominant phase in ^e life 
l^tory of the Chrysocapsinee, Pheeocapsinae, Phytodinidse, and 
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Tetrasporidse. Such Palmella-stages are di£Scult to distinguish from 
the lower algse. 

Reproduction is invariably by division, usually and typically 
by longitudinal division, exceptional transverse division occurring 
in relatively few forms {Oxyrrhis, Pdytoma, Parapolytoma, etc.). 
In most cases there is a doubling of the characteristic cell organs— 
nucleus, blepharoplast, parabasal body, flagella, cluromatophores, 
etc., although in some authentic cases the flagella and ba.sal bodies 
are discarded and new ones are formed (see p. 210). In many cases, 
also, division does not occm* during the motile phase, but only after 
the flagella are thrown off and the individual goes into a resting 
phase analogous to the Palmella-stage. Such quiescent individuals 
form what are called “division cysts” within which reproduction 
occurs (Euglena spirogyra, Euglena gracilis, etc.). 

Sexual processes are well developed in the Phytomonadida, very 
questionable in Euglenida, and have never been observed in Chry- 
somonadida and Cryptomonadida. 

Permanent cysts with resistant walls are known in relatively few 
forms, and where found they seem to be simpler the more complex 
the organism and vice versa. The cysts usually contain an excess 
of reserve foodstuff in the form of oil, starch, paramylum, etc. 

Most of the Phytomastigoda have the ability to secrete gela- 
tinous substances from the cortex through the pellicle and so to 
form a gelatinous matrix in which the cell lies. Upon reproduc- 
tion many cells are thus enclosed in jelly with, usually, the flagella 
extending through it to the outside. In this way spWoidal colo- 
nies are formed in many cases {Syncrypta, Uroglma, Uroglempsis, 
ChrysospheereUa, etc.). The secretion of substance (cellulose, gela- 
tinous, diitinous) from the posterior end of the cell results in the 
formation of deWte stalks. These may or may not be actrom- 
■panied by tests or houses which may fit the cell tightly, in which 
case the test is secreted from the entire periphery of the cell (Vhry- 
socoecus, Trachelonumas, DinoflageUaia), or it may be considerably 
larger than the contained cell, in which case it is first secreted from 
the cell as a whole and later from only a distal expanded portion as 
in Diru)bryon, Hyakbryon, etc. (Senn). 

The majority of Phytomastigoda are widely distributed in both 
salt and fresh water. The Coccolithophoridee, Silicoflagdlidee and 
the majority of the Dinoflagellida, are exclusively marine. The 
Chlaraydomonadidse and most of the Volvocidse on the other hand 
are limited to fresh water. Many of them are decidedly planktonic 
and clear lakes and water supplies often contain them in such num- 
bers as to impart distinct colors (red, yellow, green), odors and tastes 
(especially Synura and Uroglempsis) to the water. Iron in the 
water leads to abundant growth of Trachelomonas; nitrogen, to 
various types of Euglenida and Cryptomonadida. Many of thefli 
17 



258 


BIOLOGY OF THE PROTOZOA 


are symbiotic as in the yellow cells of Radiolaria and Foraminifera 
(Zooxanthellse especially Chryaidella). Some are also ectoparasitic 
on diatoms, filamentous algte and Crustacea; others are endopara- 
sitic in water-dwelling animals such as Gammarus and allied 
Crustacea, and on rotifers. 

Order I. CHBTSOMONADIDA. 

The Chrysomonads are characterized by the presence of yellow- 
brown chromatophores; by the presence of oils and highly refractile 
granules (leucosin); by spore formation in cysts and by the silicious 
composition of the cyst walls. Starch is absent. The chemical 
natme of the coloring matters is not yet satisfactorily made out. 
For ChromvlirM roaamffii, Pascher (1913) states that chrysochloro- 
phyll, phytochrysin, and chrysoxanthophyll have been identified 
although whether or not identical with similar chromophyll sub- 
stances in'higher plants is unknown. 



Flu. 126. — Types of Chrysoiiionadida. A, B, motile and Palmella stages of Chrom- 
ulina flavicana. (From Calkins after BUtschli.) C, MaUomonaa plasslii, (From 
Doflein after Klcbs.) 


The fiagella are always inserted apically and are one or two in 
number, the number and relative sizes determining some of the 
families. The monads are comparatively simple in structiu^ and 
the Ixxly is usually regular and without dorso-ventral differentia- 
tion. The pellicle is usually delicate and inconspicuous but may be 
heavy and providetl with keels, ridges, flanges, etc., or covered by 
fine silicious plates as in MaUommaa (Fig. 125). Cups and houses 
of cellulose, often colored by iron oxide, are abundant and frequently 
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of exquisite design {Dinobryon, Derepyxis, Chrysopyris (see Fig. 
12(5, etc.). 

Nutrition is primarily autotrophic but there is frequently a combi- 
nation of both autotrophic and holozoic or saprozoic methods. The 



Fio. 126.— Dinobrh'on narlularia.. (From ('alkins aftor »Stcin.) 


entire body is frequently amoeboid and pseudopodia serve for food 
taking. In Cyrtophora, PedineUa and Pahtinella the pseudopodia 
are arranged like tentacles of a sea anemone and function in much 
the same manner (Fig. 94, p. 2(K)). 
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Conjugation and fertilization are entirely unknown in the Order 
and reproduction is mainly by longitudinal division which may 
lead to catenoid (Chlorodesmus, Cyclonexia), arboroid (Dinobryon, 
HycMryon, Fig. 126) or spheroidal (Synura, Uroglena, Uroglen- 
opais, Chryaosphcerella, Syncrypta) colonies. Many of the Chryso- 
monadida round out, lose their flagella and pass into a quiescent 






Fig. 127. — Hydrurua fcBlidua, character of growth; A, end of single branch 

with monads in the gelatinous matrix; C, motile stage of monad; D, E, side and top 
view of cyst, (ii, C, i>, E, from Doflein after Klebs; B, from Pascher.) 

phase. In most such cases reproduction ensues and a Palmella- 
stage results which is purely facultative in many types, but in some 
groups, notably in the sulM>rder Chrysocapsina, the Palmella-stage 
is dominant, the most extreme case, Hydrurua, with its apical 
growth and method of branching, being highly suggestive of the 
multicdlular algae (1^. 127). 



MORPHOLOGY AND TAXONOMY OF MASTIQOPHOBA 261 

In a number of different types the monads lose their chlorophyll 
and stigmata and, like colorless flagellates, live as saprophytes or 
by strictly holozoic means. Pascher, Doflein, Franz and others 
regard such forms as illustrating the probable mode of origin of the 
Zoomastigoda. 

EiiQrstment and reproduction within the cyst is characteristic 
of the group the cysts being unique amongst the flagellates in 
having silicious walls. In rare cases, apparently, does the proto- 
plasm of the monad retract from the membrane which then becomes 
the cyst wall. A more frequent method, according to Scherffel 
(Idll) is the formation of a hollow shell within the ectoplasm of the 
monad, the shell being entirely closed save for a pore at one pole. 
The ectoplasm, after variously sculpturing the outer surface of the 
shell, retires into the pore which is then closed with a silicious stopper 
(Fig. 5, p. 24). Comparatively few types, however, have been 
examined and the prevalence of this peculiar method of cyst forma- 
tion remains to be demonstrated. Within the cyst the monad 
divides to form two or more spores the germination of which has 
been observed. 

The sub-orders of the group, according to Pascher’s classification, 
are decidedly artificial, being based upon the relative importance 
of the Palmellarstage in the life history. In the Euchrysomonadina 
the Palmella-stage is temporary and facultative and the flagella- 
bearing or motile' stage is dominant. In the Chrysocapsina the 
motile stage is temporary and the Palmella-stage dominant, and ‘in 
the Khizochrysidina the flagellum-bearing phase has never been 
observed, the organisms being placed here rather than with the 
Sarcodina because of their yellow-brown chromatophores and 
products of metabolism. 


Sub-order I. Euchrysomonadina. 

Yellow or brown monads with one or two flagella which may be 
discarded from time to time, pseudopodia taking their place. In 
some forms the pseudopodia stage represents the fully grown or 
mature phase of the organism. We recognize five families, three 
of which— Chromulinidee, Isochrysidffi, and Ochromonadidse— are 
represented mainly by fresh-water forms; but investigation will 
probably show that there are as many salt-water forms. Two 
famUies— Silicoflagellidee and Coccolithophoridas— are exclusively 
marine. 

Family l.—Chiomulinidte.— Usually minute forms with a single 
apical flagellum; solitary for the most part, colony forms' rare 
(one genus, Chrysosphcerella). They may be either free-swimming 
or attached, naked or covered by a shell. Pseudopodia fonnation 
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characteristic, the flagellum being retained or discarded. Nutrition 
autotrophic or heterotrophic. 

Three subdivisions, here given the value of Tribes, are recog- 
nized: 

Tribe A. CiutYSAPSiniNiE, Pascber. With undifferentiated chro- 
matophores in the form of a network or in diffuse clumps; stigma 
present, also contractile vacuole; nutrition holophytic and holozoic; 
reproduction by longitudinal division; spine-bearing cysts known 
in one species. One genus only, Chrysaysis, Pascher (Fig. 124). 

Tribe B. EucHROMUMNiNiE, Pascher.— With distinctly differ- 
entiated chromatophores and soft naked bodies without definite 
pellicle; many types with delicate loosely-fitting houses (Kephyrion, 
Pascher), others with thick shells {Chryaococcua). Pseudopcxlia 
formation is characteristic, the pseudopodia being used for ingestion 
of solid food bodies and in some cases forming a crown about the 
"base of the flagellum {Cyrtophora, etc.. Fig. 94, p. 200). In other 
cases the flagellum is withdrawn and fine branching pseudopodia 
take its place (Chryaojjyxia, Stein). Budding frequent. 

Tribe C. Mallomonadin^, Pascher.— This group includes soli- 
tary and colonial (Chryaoaphcerella) forms with thick, closely 
attached membranes with superficial granules {Microglena) or 
silicious plates (Mallonumaa), the latter bearing, in some cases, 
long silicious needles (Mallomonaa, Chryanapharella). The monads 
Usually have a somewhat complicated vacuole system consisting 
of an apical, non-contractile vesicle and a few contractile vacuoles 
scatter^ here and there about it (Fig. 125). Cysts are known for 
a number of species but reproduction is very little known. 

Family 2. boebrysidfle, Pascher.— Little-known forms; solitary or 
colonial, with two equal flagella at the apical end of the cell; the 
individuals secrete a jelly in Syncrypta mlvox (gelatinous matrix 
being absent in the colonies of Synura and in the band-form colonies 
of CUorodeamua). Tests with stalks are pre.sent in Styhchryaalia, and 
without stalks in Derepyxia Stokes, in which the body is attached 
to the inside of the test by delicate protoplasmic processes. 

Family 3. OehnnnoaadidSB, Senn.— Chrysomonads of simple struc- 
ture with two flagella, one of which, primary, is longer than the other 
(secondary); they are either solitary or colonial with a more or less 
plastic body and with a widespread tendency to form delicate 
loose-fitting tests. The vacuoles are simple and pusulcs or non- 
contractile vacuoles are absent. 

Svb-family Ochromonadinw, Pascher.— Here are included the 
naked, solitary or colonial forms without specialized pellicular 
structure, membranes or tests. The gelatinous colony forms are 
the most characteristic especially the relatively large (up to 400 /«) 
Uroglena and Uroglenopaia types (Fig. 18, p. 39). T^ese aggre- 
gates are so delicate that they go to pieces easily in water mains, 
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after which the monads disintegrate liberating the contained oil 
and fat drops which cause offensive odors and tastes {Uroglenojms 
americana, Calkins). In Uroghna the several monads are con- 
nected with the interior of the colony by long basal threads. Chro- 
matophores one or two; nutrition holophytic, with tendency in 
some forms to lose the chromatophores and live as animals. 

Svb-famUy Lepochronumadirue, Pascher.— These are the house or 
test-dwelling ochromonads; the tests are extremely delicate with 
the monads seated at the wider, open ends, or at the base, and with 
or without a contractile stalk. The tests are frequently complex 
owing to sculpturing or to superimposed growth rings {Dinobryon, 
Hyalohrym, etc.. Fig. 126). The genus Dinobryon is remarkably 
rich in forms and is one of the most common genera found in fresh 
water. Some species are solitary, others colonial with highly diver- 
gent' types of arboroid colony formation, the bases of the younger 
tests attached to the inner sides of the older ones. In Hyalobryon 
the tests are attached on the outsides of the older ones (Fig. 19, 
p. 40). 

Family 4. CoccolithophoridsB, liohmann.— This group comprising 
the smallest forms of marine plankton, is characterized mainly by 
the, peculiar discs of calcium carbonate which make up the shells. 
The shell pieces are in the form of either solid discoidal plates 
(discoliths) or of funnel-like structures (tremaliths), the latter per- 
forated by a distinct pore and bearing flattened plates at one or 
both ends. The separate plates were known long before the 
organisms which carry them and received the name of “coccoliths.” 
Hxixley at one time interpreting them as the skeletal parts of 
Bathybim. The structure of the monads is typical of the Chryso- 
monadida, with one or two flagella, yellow chromatophores and auto- 
trophic nutrition. 

The most complete observations on the Coccolithophoridie were 
made by Lohmann, but observations on the mode of reproduction 
of these forms are lamentably fragmentary and unconvincing. 
Division through the main axis as in other Chrysomonadida is 
indicated, and there is some evidence of heteromorphic shells 
(macrotheca and microtheca, Lohmann). We follow Lohmann in 
distributing the genera between two sub-families. 

Sub-family Syraco^phmiruB, with individuals provided with one 
or two flagella and with shells made up of imperforate calcareous 
discs. • 

Sub-family Coccolithophorince, with individuals provided with one 
flagellum and with shells made up of perforated discs which may 
be simple or provided with hollow tubular processes, pipe-like or 
trumpet-shape in form. 

Family 5. SilieoflagallidaB, Borgert.~The genera and sp^ies of 
this Family, found only in the sea, are characterized by the presence 
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of a simple skeleton of silica in the form of a ring {Meaocena, Lemm.) 
or of a ring with bars. Digtephamu speculum, Ehr. is assodated with 
Radiolaria as a parasite or a symbiont. It has a single flagellum, 
yellow chromatophores and a fenestrated silicious skeleton. Little is 
kno^ about its life history and at one time it was supposed to be 
a stage in the development of certain forms of Radiolaria (Fig. 128). 



Fio. 128 . — Distephanus apeculum, side {A) and top (B) views of skeleton. (From 
Calkins after Borgert.) 


SuB-OBDER 2. Bhisochiysidina, Pascher. 

A highly artifleial group consisting of genera in which no flagella 
have befen described but which move by means of pseudopodia. The 
temporary nature of the group is indicated by the fact that as soon 
as a flagellum is observed in any member of the sub-division, that 
species becomes one of the Euchrysomonadina. It is retained in 
the classification merely for convenience in holding pseudopodia- 
bearing forms with yellow chromatophores and no flagella. The 
genera Rhizochrysis, Chrysidiastrum and Chrysostephanosphara are 
naked, while Siylococcus and Lagynion are test-dwelling with long, 
thread-like, often single, pseudop^ia. 

Sttb-order 3. Chiysocapsina, Pascher. 

-While Palmella stages are dunacteristic of all the Chrysomonadida 
in this group they berome the prevailing stage and flagellated forms 
are transitory. Here the individuals are enclosed in a gelatinous 
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matrix in which they reproduce by division forming great colony- 
like aggregates attached to water plants (Hydruridee) or smaller 
planktonic gelatinous masses. A simple contractile vacuole, a 
single chromatophore, and single or double flagella are typical of 
the individual monads. The group is rather artificial but . very 
interesting theoretically, with transition forms between motile forms 
of flagellates and typical plants with apical growth (Hydrurus, Fig. 
127). Two families are given in Pascher’s classification: 

Family 1. ChrysocapsidflB, Pascher. — Palmella-stages relatively 
small gelatinous masses of varied form and with no evidence of 
apical growth. Reproduction by division of monads which become 
flagellated, leave the gelatinous matrix, swim freely for a time, then 
lose the flagellum, become quiescent, secrete a gelatinous substance 
and divide. 

Family 2. Hydrurida, Klebs.-— Palmella-stage large, up to 30 cm., 
usually cylindrical in form, and usually branched. The monads 
are loosely arranged in the gelatinous matrix, a single one forming 
the apex of each branch. With division of this apical cell one of the 
products becomes apical while the other contributes to the thicken- 
ing of the mass. The division products of all cells may at any time 
develop a single flagellum and swim off in the form of a four-cornered 
pyramidal flagellate (Fig. 127, C) with a single yellow chromatophore 
and a leucosin mass. Characteristic cysts with silicious walls and 
stopper are present. One genus and species Ilydrarns fostidns^ 
Kirschner (Fig. 127). 

Order II. CBTPTOMONADlt)A, Stein. 

The Cryptomonadida, like the Chrysomonadida, are small col- 
ored flagellates which rarely measure more than 30 (exceptional 
species up to 80 /x). They differ from Chrysomonadida in having a 
constant body form with little tendency to form pseudopodia. 
Many are laterally compressed and show a dorso-ventral differen- 
tation due to a m^iah furrow which passes obliquely over the ante- 
rior end, resulting in an arched dorsal and a flat ventral side. In 
some types the furrow leads into a cup- or tube-shape depression 
which may extend deep within the endoplasm as a cyt^opharynx. 

Flagella are one or two in number and are frequently band-form 
with a tapering extremity; if two are present one is usually thicker 
than the other. They are inserted in the furrow or on the ventral 
wall of the cytopharynx. 

The pellicle is simple and delicate in some forms but may be 
heavy and provided with striations which have been questionably 
interpreted as myonemes to which contractions of the b^y are due. 

Many forms are colorless but in the group as a whole chromato- 
phores of yellow, brown, blue, blue-green and green color are present. 
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In some cases these are numerous, small, and discoidal in form; in 
other cases there are only one or two in the cell in which case they 
are cup-shape or band-form and laterally placed. The exact nature 
of the coloring matter is unknown but is generally supposed to be 
the same as that of the Dinoflagellida. Stigmata in the vicinity 
of the flagellum-base are common. One or more globular pyrenoids 
usually enclosed in a shell of amyloid substance, are likewise widely 
distributed. Trichocyst-like rods in the anterior end, are found in 
several types, from which' on treatment with reagents, gelatinous 
fllaments are thrown out. The nature of these structures and their 
functions, are entirely unknown. One or two simple contractile 
vacuoles are present in the majority of forms and are situated in 
the anterior part of the dorsal side and empty into the cytopharynx. 

Longitudinal division occurs usually in the motile stage although 
it takes place in some cases during resting phases. Palmella-like 
gelatinous aggregates are characteristic of some forms; such a phase 
is dominant in one family (Phseocapsidee) where the aggregates 
take the form of simple or branched threads. Swarmers having the 
characteristic cryptomonad structure leave the aggregates for pur- 
poses of reproduction. Sexual processes are entirely unknown. 

Nutrition may be either autotrophic or heterotrophic; many forms 
live as saprophytes, many as symbionts (especially the Zooxan- 
thell«) and still others are holozoic. Amyloid substances are usu- 
ally present as inclusions in all types, but starch is confined to the 
higher types. Fats and oils are occasionally found in some of the 
colorless forms. 

Encysted stages are usually spherical, the cyst walls being made 
of cellulo^. The thickened pellicle of some forms becomes the 
cyst wall. 

The Crj'ptomonadida are widely distributed in salt water while 
fresh-water forms are relatively scarce and are never strictly plank- 
tonic. Many types thrive in infusions where, as saprophytes, they 
live upon dissolved proteins of disintegrating plant and animal 
tissues; some are also holozoic. 

Pascher subdivides the Order into two sub-orders which will 
probably be increased when the life histories of more types of marine 
forms are better known. 

Sub-order 1. Eucryptomonadina, Pascher. 

Including the motile, flagellum-bearing types which only excep- 
tionally pass into a Palmella-stage. 

Family 1. Ciyptimumadida, Stein.— In this group are included 
the more highly organiiEed forms of the Order. The obliquely 
tnmcated anterior end carries the two flagella and in the more 
differentiated forms there is a distinct cytopharynx. Chilomonas 
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often filled with carbohydrates, and CyaUumoncut are colorless and 
live as saprophytes the latter also taking in bacteria, other small 
protozoa and algse. Yellow chromatophores are present in Crypto- 
moms and Chrysidetta, the latter symbiotic with Radiolaria, Fora- 
minifera and other marine animals. Rhodonionas has red, Chro- 
omonas and Cyarumonas blue, Cryptochrysis brown or olive green, 
chromatophores. Reproduction by longitudinal division occurs in 
the motile stages or during resting phases, the latter sometimes 
resulting in Palmella-like small aggregates which quickly break up. 
The life history is practically unknown for any species and the 
finer cytological structures equally so. 

Family 2. NephroselmidsB, Pascher.— Here the characteristic fur- 
row is equatorial thus imparting a bean- or kidney-shape to the 
cells. The two fiagella arising from the furrow are thus apparently 
lateral, one being directed forward, the other backward. 

SuB-oKDER 2. Phaocapsina, Pascher. 

This group of Cryptomonadida corresponds to the Chrysocapsina 
group of the Chrysomonadida consisting of forms which are prac- 
tically in a permanent Palmella-stage, giving rise, however, to 
flagellated swarmers of the cryptomonad type. The single individ- 
uals arc sometimes in gelatinous walls from which long thread-like 
or tubular processes arise (Ncegelwlla), or sometimes in thread-form 
slightly branched aggregates (PhiBothamnion). These two types 
form the basis for the families (1) Phaeocapsidse and (2) Pha;o- 
thamnidse. 

Order III. DINOFLAGELLIDA, Stein. 

We follow Doflein in reducing the Dinoflagellida from the value 
of a sub-class in earlier classifications, to the present position in 
the Phj'tomastigoda. The affinities of this well-circumscribed group 
are apparently more closely with the Cryptomonadida than with 
any other type of Protozoa. The yellow-brown color of the chroma- 
tophores, the peculiar fuirows, the nature and positions of the 
flagella, and the alga-like nature of the series of forms which are 
permanently without flagella, are characteristics with prototypes 
or parallels in the orders already considered. 

We go farther than Doflein and follow Kofoid and Swezy, not 
only, in placing the Cystoflagellina as' a sub-order of the Dino- 
flagellida, but in removing NocHluca from the cystoflagellina and 
including it with Gymnodinioidse. The homologies which Kofoid 
has recently drawn between the swarm spores of NoctUma and the 
Dinoflagellida are clearly sustained and there are the same grounds 
for regarding Nociiluca as a Dinoflagellate that there are for con- 
sidering Hydrurua a Chrysomonad because of its temporary flagel- 
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lated phase, or the Pheeocapsidse as Cryptomonads for similar 
reasons. 

The majority of Dinoflagellida are covered by distinct shells 
composed of a cellulose-like substance; yet some of them (Gymno- 
dinioidee) have none; the majority also bear characteristic cross 
and longitudinal furrows; yet some of them (Adinina) have no trace 
of furrows. The surface^welling forms tor the most part have 
distinct chromatophores; but a number of these, and all of the depth- 
dwelling types, are devoid of chromatophores. The peculiarities 
of the group in regard to these structures are so characteristic that 
if only one is present and the others absent, it is sufficient to classify 
the organism. 

' The Dinoflagellida are sometimes associated in classification 
with the diatoms and desmids (Zygophyta). Many zoologists still 
regard them as representing a major group of fiagellates (Biitschli 
for example, divided the Mastigophora into Flagellata, Dinoflagel- 
lata, and Cystoflagellata) but with increasing knowledge of life 
histories and finer structures the prevailing opinion at present is 
that the Dinoflagellida are more closely related to the Cryptomona- 
dida than to any other group. 

WhUe many of the Dinoflagellida are naked, the majority are 
entirely covered by a definite refractile membrane of cellulose-like 
substance which is often impregnated with inorganic, frequently 
calcareous, deposits. In some forms a limited region, the so-called 
rhombic area (Kofoid), remains unprotected. The test is simple 
and apparently made up of one piece in Glenodinium and HemicB- 
dinium, or of two valves as in the Adinina and the Dinophysidae, 
while in the family Feridinidse they are composed of plates of definite 
form and arrangement which are frequently areolated and character- 
istic of the species in each case. These plates are often drawn out 
into typical horns and processes (a. g., Acanthodinium Kof.) while 
in the Dinophysidse fin-like ridges and wing-like processes often 
give rise to fantastic ^apes (Dinophysis, Omithocercus, etc.). 

Furrows on the surface of the cell, foreshadowed in forms like 
Nephroaelmis or Cryptochrysis of the Cryptomonadida, are highly 
characteristic of the Dinoflagellates. One of these the girdle, or 
annulus, is annular, running around the body near the center or 
excentrically, or following a spiral course. In Polykrikoa there are 
several such transverse furrows (Fig. 132). In the corticate forms 
there is usually a separate girdle plate which follows the contour 
of the groove while its free edges are often drawn out into ledge-like 
outgrowths. In some remarkable types the transverse groove is at 
the apical extremity of the body {Amphisolenia, Dinophysia, 
Amphidinium, Fig. 70) and a series including these forms with 
Prorocenfrum and ExuvtwUa (Fig. 129), suggests the possibility 
that the Adinina are extreme representatives of a series in whidi 
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the groove approaches the anterior end and finally disappears 
entirely from the cell. In Prorocentrum (Fig. 129, A) there is an 
anterior spur-like process about which the transverse flagellum 
vibrates as though in a groove, while in ExuviceUa even this spur is 
absent but the flagellum vibrates in a plane at right angles to the 



Fio. 129. — Types of Dinoflagellida. Prorocentrum micana; B, Kxuvialla 

marina: C, Gyrodinium ovum; D, Oymnodinium aphcBricum: Et Peridinium divergena, 
(A. after Btitschli; B, to E after Calkins.) 


long axis of the cell as though in an imaginary furrow (Fig. 129, B). 
It seems highly improbable that such a peculiar mode of flagellar 
vibration is evidence of a primitive form of Dinoflagellates and more 
reasonable tP regard these types as secondarily simplified organisms 
derived from the Dinophysidse, a derivation further evidenced by 
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the two valves and the median suture, and they are so treated in 
the following classification. 

The marine form Oxyrrhis marina; which as Senn was the first 
to demonstrate, should be placed with the Dinoflagellida, has a 
rather indefinite groove and two free flagella (Fig. 43, p. 88). 
The flagellated swarmers of Noctiivca miliaria have a similar groove 
while one of the flagella disappears and a well-marked tentacle 
characterizes the adult. 

In addition to the transverse groove the majority of the Dino- 
flagellida have a more or less clearly marked longitudinal furrow or 
sulcus which crosses the transverse furrow at the region of the 
flagella insertion. In many cases this does not extend beyond the 
transverse groove and is confined to the posterior half of the cell; 
in other cases however, it extends nearly from pole to pole. 

The flagella are two in number, one the transverse flagellum 
which may be band-form, vibrates in the groove or, in Adinina, in 
a circle free from the anterior end of the organism. The other 
flagellum is more thread-like and vibrates freely in the water. The 
combined activity of the two gives the characteristic whirling move- 
ment of the dinoflagellate type. 

A retractile tentacle is present in Erylhropais while pseudopodia 
have been described by Zacharias in the case of Gymnodinium 
zachariaai, Lemm. Pascher has described an amoeboid organism 
which he calls Dinamceba (see Leidy) which, like NoctUvca, repro- 
duces by the formation of dinoflagellate-like swarmers (dinospores). 

Chromatophores of green, yellow or brown color and from two, 
large, to many small, discoidal structures are generally present, but 
are absent here and there in all groups and in all ^ecies of the bathy- 
metrical group. Nutrition is autotrophic or heterotrophic, the 
chlorophyll-bearing forms being autotrophic for the most part 
although the ingestion of solid food substances by such types has 
been repeatedly observed. Some forms are parasitic, Gymnodinium 
ptdviacuhia according to Pouchet (1886) is an ectoparasite on Salpa, 
Appendicularia, Siphonophora and other marine pelagic animals, 
while Gymnodinium paraaUicum, according to Dogiel, is an endo- 
parasite in copepod eggs. One entire group furthermore— the Blas- 
todinidse— are parasitic (see Chatton, 1920). 

Stigmata, also, while not imiversal, are widely distributed and 
in some cases are accompanied by a crystalline amyloid structure 
which appears to function as a lens (Faur6-Fremiet; Schiitt). 

Vacuoles of a somewhat different type from the usual contractile 
vacuoles are always present. They are filled with a clear fluid and 
appear to have definite walls, opening to the outside in the region 
of the flagella fisswe. * Two types of these vacuoles are usually 
present, one, called the collecting pusule by Schiitt may be sur- 
roimded by a ring of small casual vacuoles (Kofoid) and resemble 
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the more common forms of contractile vacuole; the other, called 
the sac pusule, is very large and tends to assume the general shape 
of the cell, opening by a fineY:anal to the outside. Their functions 
are problematical but they are generally regarded as serving an 
hydrostatic function. 

In one group of forms, the Phytodinid», the characteristic struc- 
tural features, furrows, flagella, etc., are absent, tbe organisms, like 
.unicellular plants, either floating, lying freely on the bottom or 
attached to it. The nucleus and chromatophores, however, are*of 



j2|['jG. 1^0,— Gymnodinium lunula (Schtttt). Nuclear division in large pelagic cysts 
(1 and 2); 3, so-called horned” cyst; 4, four products of division of 2; 5, eight 
Gymnodinium-like products of horned cyst. (From Doflein after Dogiel.) 


the dinoflagellate type and Klebs, and later students of the group, 
have no hesitation in placing them with the Dinoflagcllida. This 
is supported by munerous transitional forms from tbe typical mem- 
bers (rf the order; some of these are similarly quiescent, devoid 
of flagella, but possess the characteristic furrows; others possess 
flagella and furrows for a period in the life history but lose them and 
become quiescent and plant-like. Some types of the latter .secrete 
gelatinous coatings (Glaodinium), others form peculiar reproductive 
cysts “horned cysts” (Fig. 1.30). These aberrant types of Dino- 
flagellida illustrate the same phenomenon of motile and quiescent 
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stages characteristic of the Chrysomonadida and the Cryptomonar 
dida. 

Reproduction by division occurs either in the motile or resting 
stages in different cases. Freely moving Gymnodinidse divide in 



Fia. 131 .— Types of Dinoflagellida. A, Glenodinium cinctum; B, CercUium fuaue; 
C, Ceratium tripoa: D, Oyrodinium sp. 



MORPHOLOGY AND TAXONOMY OP MASTIOOPHORA 273 

the long axis much like any other flagellate; shelled forms, like 
CeraHum, have a more involved division process by reason of the 
hard covering of plates. Here the division plane passes through the 
sutures between certain definite plates (Pig. 131). The daughter 
cells in some cases remain attach^ to form peculiar and character- 
istic catenoid colonies and the peculiar form Pdykrilcos is regarded 
as such a colony which has become permanent (Fig. 132). Division 



Fiq. 132 . — PolykrikoR schwartzi and development of its nematocysts. 
(After Chatton.) 


in resting phases differs according to the species and varies in 
permanent and temporary resting conditions; sometimes it occurs 
within the parent shell, in other cases the outer shell is discarded 
before division. 

Multiple division is widespread especially in quiescent reproduc- 
tive forms protected by gelatinous membranes or cysts; the latter 
are sometimes drawn out into peculiar crescentic capsules '\vrithin 
which the individual divides to form several products. GymrMi^ 
18 
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nium lunula (Kg. 130) according to Schiitt is found in the plankton 
as a large cyst-like organism, not unlike NoctUuca, containing a 
single nucleus. This divides four times and 16 daughter cells are 
formed each of which develops into a “horned cyst” and gives rise 
to 8 small Gymnodinium-like products (Fig. 130, 1, 2, 3, 4, 5). 
Schutt’s inference that these ultimate products are gametes which 
conjugate and give rise to the spherical cysts, has not been con- 
firmed. Conjugation stages in Ceratmm hinmdineUa have been 
described by G. Kntz (1910), and by Zederbaur (1904), which recall 
the .sexual processes of the desmids, the zygote according to their 



Fiq. 133 . — Haplozodn clymcnellcPt regarded by Chatton as a parasitic dinoflaKollatc ; 
(a) primary attachinK individual which fdves rise to a chain of cells terminating in 
cells with four nuclei (6). (After Calkins.) 


interpretation giving rise to the characteri.stic “four-horned cyst.” 
The great variability, and the frequency of pathological conditions 
in Ceraiium make this so-called conjugation proce.ss questionable. 

The Blastodinidffi are all parasitic and have lost most of the 
characteristic dinofiagellate structures, the affinities being indi- 
cated, as in Nactiluca, by the structure of the spores (dinospores). 
Some are external parasites on appendages and gill filaments of 
pelagic animals; on animals, on diatoms (Pavlsenella), or on eggs 
t)f copepods, etc. Others are internal parasites of digestive tract 
or coelom {Syndimum). Some types {Ayodiniuvi, Parapodinium, 
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etc.) have attaching trunks or peduncles recalling the epimerites 
of gregarines; others are sessile, while still others are unattached 
coelozoic parasites of body cavity or gut. A curious Cestode-like 
form, found in the intestines of maldanid annelids, was discovered 
by Dogiel (1907) and described as a Mesozoon under the name of 
Ilaplozcdn (Fig. 133). Chatton (1920), however, has shown that 
its affinities are with the Blastodinidee and particularly with Blasto- 
dinium. 

The Dinoflagellida are distributed amongst three sub-orders— 
Diniferina, Adinina and Cystoflagellina. 


Sub-order 1. Diniferina, Bergii. 

The majority of forms with characteristic dinoflagellate stnic- 
tures are placed here. One or more transverse furrows bearing 
flagella are typically present, and the longitudinal flagellum is 
usually directed backward. Three Tribes are recognized: (1) 
Gymnodinioida?; (2) Perididinioida', and (3) Amphilothioida\ 

Tribe A. GvMNODiNioiDiE, Bergh, Em. Poche.— As the name 
indicates these interesting forms are either naked or provided with 
delicate cellulose coverings which are not laid down in plate form. 
In respect to furrows, flagella, and general structure they conform, 
even when naked, to other members of the sub-order. They are 
usually somewhat dorso-ventrally flattened and provided with 
many small discoidal green or yellow chromatophores although 
some species are colorless. Stigmata are occasionally present, 
located in or near the longitudinal furrow. Nutrition is either 
autotrophic or heterotrophic (saprozoic, holozoic, or parasitic) and 
reproduction usually takes place during encystment, rarely in tile 
motile stages. 

In llemidiniuin , Stein, the cross furrow does not run entirely 
around the cell, but, with the flagellum, stops in the center of the 
dorsal surface. Gyrmiodinium is frequently colorless, taking in solid 
food and, in some species {Gymnodiniuvi mcharioiti, Ijemmermann), 
forming branched pseudopodia. Other species {Gymnndinmvi para-- 
siticumy Gymnodinimn rosenvi) are parasitic on the eggs of copepods. 
Other genera are peculiar in having only a short free-swimming 
period after which they pass into an alga-like resting phase. Such 
forms as Cystodinhim and Gymmdininm - Innvla are strikingly 
suggestive of the Phytodinid«e in having motile stages lasting 
from only a few minutes to an hour or so, while in Ilypnodiniuni 
no motile stage whatsoever is known. It is in the life history of 
these types that the so-called '‘horned cysts'' are found (see p. 271). 
The genus Glenodininm differs from most of the Gymnodinida; in 
having a definite but delicate and non-articulated shell (Fig. 131,^). 
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Oxyrrhis, Powhetia, Erythroptia, Polykrikos, etc.» are colorless types 
mth various structural peculiarities which distinguish them from 
other dinoflagellates. Oxyrrhis marina has a rudimentary furrow 
and no encircling flagellum; Erythropsis has a definite tentacle 
capable of extension and retraction, while it, together with Powhetia; 
has a huge stigma provided with a distinct lens; Pdykrikos has 
several transverse furrows with flagella and one (P. auricuhria, 
Bergh) or several (P. schwartzi, Biitschli, P. kojfoidi, Chatton) 
axial flagella. This genus also is remarkable in having both tricho- 
cysts and nematocysts the latter especially in P. schwartzi, have 
been stiidied in detail by Chatton (Fig. 132). 

Tribe B. PERiDiNioiDjE, Butschli, Bergh.— Pomi’iy 1. Petidin- 
idm are found both in fresh and in salt water, many of them being 
deep-sea forms. , Green-yellow or brown discoidal chromatophores 
are usually present in large numbers but many deep-sea species are 
entirely colorless. The main characteristic of the family is the 
nature of the shell which is always made up of distinct plates the 
number and arrangement of these plates affording a basis for generic 
and specific differences. The transverse furrow is covered by a 
single annular girdle plate or cingulum which serves as a dividing 
line between an anterior and a posterior part of the organism. The 
former portion, called the epitheca, consists of apicals and dorsal 
intercalaries and the latter, called the hypotheca, consists of pre- 
cingulars, postcingulars and antapicals while the region of the 
flagella origin is covered by one or more delicate and thin plates 
forming a region which Stein called the “oral fissure” (Mundspalte) 
and which Kofoid calls the “ventral area.” 

Certain plates of both parts of the shell may be developed into 
characteristic longer or shorter processes or horns (Fig. 131) those 
from the hypotheca being usually solid while the single horn from 
the epitheca is hollow and the distal end is open forming the apical 
pore (Fig. 131, B, C). The antapical horns are often provided with 
ribs, fins, or wings which are frequently developed asymmetrically. 
The living organisms appear to have alternate periods of active 
movement and of rest and according to Kofoid, when the flagella 
are at rest the specific gravity of the shell and body causes the organ- 
ism to sink from at or near the surface to greater depths. By 
reason of the asymmetry due to the unequal development of horns, 
fins and wings, the cell turns in its descent in such a manner that 
the resistance to the water is increas^ by exposure of the broader 
surfaces and sinking is correspondingly retarded. Such excrescences 
on the shell are thus interpreted as organs of flotation and asym- 
metry as an adaptation whereby forward movement is not impeded 
while too rapid sinking is. 

In many species, e. g., Peridinium divergens, the plates are sepa- 
rated by rather wide bands of intercalary striee which, as Biitschli 
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interpreted them, are zones of growth occurring after the plates are 
formed. Schutt on the other hand regards them as special ribs or 
‘ thickenings for the purpose of strengthening the shell between the 
plates. Kofoid dissents from these views and suggests that the 
intercalary striee are modified pores or canals lying in the wall and' 
may be adaptations for further communication between the proto- 
plasmic body and the environment. Many of the Peridinidte have 
shells which are more or less uniformly perfora:ted by fine canals and, 
although the inner openings of these pores have not been definitely 
made out, it is probable that they serve the same function. 

The region about the fiagellum pore is covered by plates •of more 
delicate type than those of the rest of the shell and the plates are 
more difficult to make out but there appear to be four such plates 
in the species of Peridinium, one of which, the rhomboidal plate, 
may be larger than the others, and this plate, in the genus Ceratium 
becomes the main protection of the oral region. 

The flagellar pore is an opening through the thecal wall some- 
times with thickened walls which form a tube running a short dis- 
tance into the inner protoplasm. In many cases both flagella 
emerge from one such pore but in a large number of forms there 
axe two flagellar pores, one for each fiagellum (Fig. 132). Schutt 
regards the single pore as more primitive. , 

Family 2. Dhuqdiyside, Stein, Bergh.— Plates, characteristic of 
the Peridinidffi are here absent. The shell also, is built on quite 
■a different plan of structure, agreeing with that of the Adinina in 
consisting of two lateral valves united in a sagittal suture with 
interlocking teeth, and passing vertically through the longitudinal 
groove or sulcus. The transverse groove-annulus is high up on 
the body and is often provided with wide lamellee. The epitheca 
and hypotheca, therefore, are widely different in size. In Amphi- 
solenia the former becomes almost rudimentary and suggests a 
transitional form to the Adinina. Asymmetry is characteristic and 
frequently leads to fantastic form relations. Pheeosomes or peculiar 
brownish masses, are regularly present and brown or yellow chroma- 
tophores are often present although many representatives of the 
family have none at all. They are confined mainly to the warmer 
seas. . 

Family 3. Phytodlnidse, Klebs.— This family, created by Klebs 
as a subdivision of the Diniferida, includes forms which more nearly 
resemble plant cells than Protozoa. With the exception of the 
yellow-brown chromatophores, radial protoplasmic structure and 
cellulose walls, there are few Dinoflagellate characteristics. They 
lack both longitudinal and transverse grooves and have no fiagella. 
Reproduction occurs by simple division, the daughter cells either 
separate by rupture of the cellulose wall (Phytodinium). .or form 
G/jieocyaria-like' colonies. In the latter case thick gelatinous mem- 
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branes are forme<l consisting of alternate cellulose walls and gela- 
tinous substance {Glceodinium), while Stylodinium possesses a gela- 
tinous stalk. Swarmer stages are entirely unknown. 

SuB-oRDEH 2. Adinina, Bergh. 

These very interesting forms possess two flagella but no furrows. 
The body is enclosed in a bivalved shell composed of a substance 
similar to cellulose. The right and left valves come together in a 
median sagittal suture as in the Dinophysidte but interlocking teeth 
are absent. An aperture between the valves at the anterior end 
serves as an outlet for the flagella, one of which extends freely in 
the water while the second, corresponding to the annular flagellum 
of other Dinoflagellida, after emerging from the shell, bends sharply 
and vibrates in a circle around the base of the first flagellum (Fig. 
129, B). This condition is foreshadowed in the genus Aviphidinitim 
where the epitheca is a mere knob (Fig. 70, p. 136). In Proro- 
centrum the anterior spine-like horn may represent the reminiscence 
of such a modified epitheca (Fig. 129, A). In Exummlla even this 
remnant is absent. 

The yellow chromatophores are band-form and usually two in 
number enclosing pyrenoids. Division is said to take place in the 
sagittal plane, each daughter cell retaining one of the parent valves 
and regenerating a second. The typical genera are Prorocentrum, 
Haplodinium, and ExunatUa. 

Sub-order 3. Cystoflagellina, Haeckel. 

The systematic position of the two genera I^eptodiscus and 
Craspedotella which are usually included in the Cystdflagellida, is 
not yet clearly established. Noctiluca, formerly the type genus of 
the gnmp, is now definitely recognized as a dinoflagellate. Stein, 
on the basis of structure of the swarm spores, early recognized the 
possible relationship but Biitschli, followed by the majority of later 
writers, regarded it as sufficiently distinct to justify its inclusion 
in an independent group. Kofoid (1920) has given further evidence 
of its Dinoflagellate affinities. 

Noctiluca is spherical, gelatinous in consistency, and from 1 to 
1 i mm. in diameter. The protoplasm is massed at one pole with 
strands passing to the periphery in all directions giving a plant-like 
or parenchymatous appearance to the cell. Shell and furrow 
characteristic of the Dinoflagellates are entirely absent. A peculiar, 
external, “peristomial” apparatus lies above the denser proto- 
plasmic mass. This con^sts of a collar-like protuberance from 
the floor of which a minute flagellum, a cross-striped powerful ten- 
tacle, and a curious roughened structure called the “tooth” arise. 
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A large, single nucleus more like that of Dinoflagellates than other 
protozoan nuclei, undergoes a characteristic process of mitosis 
during division (Fig. 52, p. 101). 

Order IV. PHTTOMONADIDA, Blochmann. 

The green flagellates included in this order are the most plant- 
like of all Protozoa. Their closest affinities are probably with the 
Chlorophycea? through the algte. The chromatophores are colored 
with grass-green chlorophyll while hematochrome (karotin) in some 
cases masks the green. Nutrition therefore, is typically holophytic 
except in the Polytomidae where chromatophores are frequently 
absent and nutrition is saprozoic. As a result of their method of 
nutrition assimilation products are almost invariably starch. The 
chromatophores are usually single, large, cup-shape, and fill the 
gn»ater part of the cell, while distinct pyrenoids are usually pre.sent. 

• I'hc individual monads are small, spheroidal, or spindle-sluipe 
organisms with membranes of cellulose or pcktiiie and are never 
metabolic. Flagella vary in number from 1 to 2 (rarely 4 to S) and 
protrude from the anterior end through a definite i)ore in the 
membrane. The vacuole system is simple, usually consisting of a 
number of contractile vacuoles grouped at the anterior end. The 
nucleus is distinct, usually near the center of the c(Jl and divides 
in such a plane that longitudinal division of the cell is assured. This 
occurs within the (jellulose membrane which is left as an empty shell 
when the daughter cells emerge. Repeated divisions frequently 
occur in which case the successive division planes are at right angles 
to one another, l^almella-stages, either intermediate or terminal in 
the life history, are frequent while colony formation is highly char- 
acteristic, particularly in the Volvociche. Encystment stages in 
which the monads retract from the cellulose membranes are wide- 
spread. 

Sexual processes are highly characteristic and involve more or 
less specialized sexually differentiated individuals or colonies with 
isogamous or anisogamous gametes (see p. 503). 

Family 1. Polyblepharidae, Dangeard. —These forms differ from 
the majority of other Phytomonadida in the absence of cellulose, 
membranes and in the tendency to metaboly. They represent 
connecting forms with other colored flagellates and are more gen- 
eralized than other members of the group. This is shown by the 
absence of sexual processes and by the larger number of flagella 
possessed by individuals. Typical genus Pyrarnivwnas. 

Family 2. Phacotidso, Poche.— Phytomonads with a bivalve 
shell, or at least a membrane which splits easily to form two lens- 
like halves as in Phacatvs lenticidarw. Two flagella pass through a 
canal to the outside. Chromatophores and stigmata are character- 
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istic. Reproduction occurs by division within the shell the valves 
being pushed apart by swelling of the gelatinous contents when the 
daughter cells are mature. Fertilization by anisogamy. 

Family S. Folytoinida, Poche.— These are colorless saprozoic 
forms ellipsoidal in shape (Polytoma) or with a truncated anterior 



Fio.* 134 . — Sphcerella lacustrii, (After Hazen.) 

end recalling the Cryptomonadida’ (Parapolytoma). Starch is 
formed and collected at the posterior end of Polytoma but is absent 
in Parapolytoma. Reproduction by division into two or four 
daughter cells, the second division in the latter case being transverse. 
Bl^pharoplasts and flagella are lost and reformed at each division 
(Jameson). 
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Family 4. Ghlamjrdomonadida, Butschli. —These are small, .soli- 
tary flagellates, with from 2 to 4 flagella, 1 green chromato- 
phore, red stigma and with 1 to several pyrenoids or with none 
at all. Reproduction occurs by longitudinal or transverse division 
in either resting or miotile phases (Fig. 134). If in the resting stage 
large gelatinous aggregates (Palmella-phasc) result. • Such aggre- 
gates of Chlamydovimas nualis {IIcBmalococcvs nitalis) under con- 



Fia. 135. — Types of colonial flagellates. A, Slephanosphara pluvialis, after Kilhh; 
J5, Spondylomorum quartemarium from Doflein after Stein; C, Pleodorina calif omica 
from Doflein after Chatton. 

ditions of lack of nitrogen and phosphorus in the environment give 
rise to the phenomenon of “red snow” or “blood snow” in northern 
or alpine regions. 'Fertilization occurs by the permanent union of 
iso- or anisogametes. 

Family 5. Volvocidn, Ehrenberg.— The organisms ■ included in 
this family represent the highest type of development of the plant- 
flagellates. They are colonial and the constituent cells are fre- 
quently differentiated for different functions. Individually the 
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single cells of the colonies are built on the same plan as the C’hlamy- 
domonadulw'with 2 (rarely 4) equal flagella, non-metabollc body 
a simple contractile vacuole, cbromatophorcs, stigmata and cellu- 
lose walls. 

Asexual reproduction occurs in the individual cells within the 
cellulose membranes and results, usually, in the formation of a new 


I#:: 




Fio. 136. — Volvox alowUor (A) and V, aureus (Is, C^D), Sexually mature colony 
with eKgs macroganietca) , and spermatozoids (s.p.) ; asexual colony with youn^ 
agaroous daughter colonies; C, female colony with macrogametes; D, male colony, 
with many bundles of spermatozoids (microgainctes). (From Oltmanns.) 


colony from each cell. In some cases all individuals of the colony 
thus reproduce the whole (Gonivvi, Spondylomonm, etc.) but in 
others the individual cells of the colony are differentiated into 
“somatic,” and “generative” cells, the latter alone reproducing 
{Pleodorina, Volvox, etc.). 

Starting with the genus Spondytomorum of the preceding family, 
the different colonial aggregates form a series of increasing com- 
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plexity culminating in the genus Volwjr. Spondylovwrnm is a loose 
aggregate of 16 cells without gelatinous matrix. These have 4 
flagella, chromatophores, vacuole, stigma, etc., and are arranged 
in four alternating rows with the sharp posterior ends pointing in 
the same direction (Fig. 135, 5). Reproiluction is simultaneous in 
all 16 cells and 16 daughter colonies result. Sexual processes are 
unknown. 

The genus Gonium is more specialized. The 16 cells of f/. 
pectorale and the 4 cells of G. sociale are embedded in a gelatinous 
matrix in such a manner as to form a flattened plate of cells with 
the flagellated ends all turned in the same direction (Fig. 3, p. 21). 
Here also each of the constituent cells forms an entire colony upon 
reproduction. Fertilization by permanent union of isogametes is 
characteristic; an encysted red-colored zygote is formed which 
germinates after a period of quiescence. The 8-celled globular 
colonies of StephanosphcBra have a similar life history (Fig. 135, A), 

Pandorina, Eudorina and Platydorina arc colonies of 16 or 32 
cells, the first 2 globular, the last a flattened plate with charac- 
teristic form (Fig. 3, p. 21). In Pandomia, the 16, or rarely 32, 
cells are pressed together in the (!enter of the colony; in Eudorina 
they are distributed equally throughout the gelatinous matrix. 
Anisogamy appears to be facultative in Pandorina but obligatory 
in Eudorina where the colonies are sexually differentiated some 
(male) giving rise only to microgametes in bundles of 64, others 
(female) forming only macrogametes. Here also the encysted 
zygotes are colored reel. 

Pleodorina and Volvox finally are colonies with permanently 
differentiated cells (Fig. 135, C and Fig. 136). The validity of the 
genus Pleodorina is questioned, Fritsch and Takeda (1916) for 
example, regarding it as a variety of Eudorina which shows all 
transition stages from a typical Eudorina to the conditions described 
in the original Pleodorina illinoisensis, Kofoid (Oow, 1918). 

OltDER V. EUGLENIDA, Stein. 

The hluglenida comprising the fifth order of Fhytoinastigoda 
include some of the largest and most common types of flagellates. 
They are usually spindle form with a conspicuous periplast which 
may be variously sculptured or striated, while keel-like processes 
are occasionally present (Petalornonas, Tropidoscyphvs). A gela- 
tinous mantle in some cases is secreted (Colaeiurn) and shells or tests 
in others; these are soft and gelatinous in Ascoglena, rigid and 
frequently ornamented with papillse, striations and spines in 
Trachelomonas. Metaboly is characteristic although the phenom- 
enon is unknown for some genera and varies greatly in different 
species. Spiral markings of the periplast are frequent and torsion 
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of the cell is highly characteristic of several species {Euglena trip^ 
tens, Euglena Qxyuns, Euglena spiroides, Phactis longicauda, etc.). 

The majority of Euglenida possess a definite cytostome from the 
base of which a flagellum emerges {Ureeolus, ScyUmoms, etc.). 
In Entosiphon a protrusible tube runs deep into the endoplasm. 
Defecation areas are also present in Euglenopais and Anisonemd. 

Flagella of the Euglenida afford the best material for the study 
of this type of motile organ. They are frequently large and show 
the axial fibril and the elastic sheath with great clearness. The 
majority of forms have only one but two are not uncommon. If 
two are present they may be of equal length and directed forward 
(Eutreptia) or one may be accessory and very short (Distigma, 
Sphenomonas) or drawn out into a long trailing flagellum (Notg- 
solenus, Anisonema, Tropidoscyphvs, Hetetmema, Entosiphon, etc.). 

A complex vacuole system is characteristic. This consists of a 
reservoir with canal opening into the cytostome and one, two or 
more contractile vacuoles surrounding the reservoir and emptying 
into it. 

Chromatophores are present in Euglenidte but absent in the 
other two families. They are usually discoid, cup-$hape, band-form 
^ or stellate in shape and may or may not contain pyrenoids. They 
’ normally form green chlorophyll in the light, or the green color 
may be masked by hematochrome (karotin). 

Reserve products of nutrition in the form of paramylum and oil 
are also characteristic. The former apparently increase and 
decrease in size according to the activity and environment of the 
cell; these are quite diverse in form but the same type is apparently 
invariable in the same species, hence they form a suitable means of 
diagnosis for different species. Stigmata likewise, are common in 
the Euglenida although they may also be present in colorless Euglen- 
ids (e. g.. Astasia ocellata, Khawkine, Etiglena quartana, Moroff). 

Of the three families Euglenidee, Astasiidse, and Heteronemidse, 
the first is more commonly represented by fresh-water species. 
They occur in all waters, Astasiidse and Heteronemidse more in 
infusions and in stagnant pools. Very little reason is to be found 
for distinguishing a separate family Peranemidse from the Astasi- 
idse while colorless forms with two flagella are included in the present 
family Heteronemidse. 

Family 1. EnglenidSB, Stein.— Medium-sized organisms of spindle 
shape or flattened form and with widely distributed tendency to 
metaboly. The majority have spiral striations or twisted body. 
Flagella usually 1 in number, (2 in Eutreptia), emerge from the 
cytopharynx, Chromatophores generally present but may be 
absent in questionable forms (Euglena quartana)’, similarly with 
stigmata, while paramylum* and oils are usually present. In one 
genus (Ascoglena) the cell occupies an attached gelatinous cup. The 
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chlorophyll, is green or red (hematochrome) in color. Reproduction 
by longitudinal division dimng free*swimming or quiescent periods. 
Fresh and salt water, more commonly the former. 

Family 2. Astasiidn, Btitschli.— Here we include all cobrless 
forms of Euglenida having only one flagellum. The body is usually 
ellipsoidal, or swollen at the posterior end and metaboly in charac- 
teristic but not invariable. The periplast is usually conspicuous 
and may be ornamented by one or more ridges (carinse) as in Pgta- 
lomoTUM. A cytopharynx system is similar to that in Euglenidte 
and a stigma is present in at least one exceptional species (Asiasia 
oceUala). Movement by creeping or free-swimming; when creeping 
the flagellum is usually extended straight ahead, the tip, or free 
end of the axial filament alone in vibration. Reproduction as a 
rule is by longitudinal division while free-swimming. 

Family 3. HeteronemidSB.— Colorless forms of Euglenida with 
2 flagella, 1 usually directed posteriorly. The vacuole system is 
complex, stigmata are absent but paramylum is usually present. 
Body ellipsoidal sometimes metabolic but more often rigid with 
thick periplast which is often ornamented with longitudinal or spiral 
ridges. Movement creeping and free-swimming. 

ORDEitVI. CHLOBOMONADIDA, Xlebs. 

A very artificial group of comparatively rare forms with obscure 
affinities. The vacuole system is similar to that of the Euglenida 
but with starch, grass-green chromatophores of discoidal form, in 
chlorophyll-bearing tjTJes. The cortical protoplasm easily becomes 
vacuolated, and pseudopodia are present in one genus (Thaumato- 
mastix), Trichocyst-like rods are present in dmyostmHum. Little 
is known about their life histories. 

Class n. ZOOMASTIOODA, Doflein. • 

The animal flagellates have no chromatophores, no chlorophyll 
and no paramylum granules. The vacuole is a simple vesicle, and 
cortical differentiations are less extensive and of a different type 
from those of the Phytomastigoda. On the whole the group includes 
small forms of relatively less complexity than those of the preceding 
class and other forms of remarkably great complexity. In one 
respect particularly, the group shows more complicated differen- 
tiations than do the plant flagellates. This has to do with the 
kinetic and locomotor apparatus, where specializations are complex, 
especially in the parasitic types. In other respects the animal 
flagellates parallel the types already outlined, especially as regards 
form of the body, number and sijecialization of flagella, and life 
history. Colony forms are common, particularly the branching- 
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arboroid types; encystment is practically universal; reproduction is 
by longitudinal division while free-swimming or encysted, or by 
multiple division whereby a number of individuals are formed from 
a single cell (somatella) within the membrane of the original cell 
' replacing a cyst wall. Nutrition is holozoic, saprozoic or osmotic 
(parasitic) and with the parasitic forms, the effects on their hosts 
vary from none at all to high mortality. 

Fertilization processes are practically unknown and the few obser- 
vations extant have never been confirmed. 

Classification of the more primitive forms is still in a tentative 
phase. Affinities are obscure in most groups and although some 
appear to be natural others include heterogeneous forms which 
will be sorted out as observations on life histories accumulate. 

Thus the general group of rrotomonadina of Blochmann, Doflein, 
and others, may include representatives of closely related forms 
which in time will be recognized as sufficiently characteristic to 
merit independent places in classification. . This appears to be the 
case with the Trypanosomatidse where the life histories indicate a 
close relationship of the genera Ilerpetomonm, Leptomonas, Leish- 
mania, Crithidia and Trypanosoma; or the group of collar-bearing 
flagellates included in the earlier families Choanoflageliidse and Phal- 
ansteriidffi. These we raise to the value of sub-orders and give the 
same value to the pseudopodia-bearing forms with permanent 
flagella (Pantastomina), otherwise the classification adopted here 
agrees closely with that used by Doflein, recognizing his Cysto- 
flagellata, however, as Dinoflagellates, and we group the animal 
flagellates into four orders: Pantastomatida, Protomonadida, 
Polymastigida and Hypermastigida. 

Order I. PANTASTOMATIDA (Pantastomina of Mincbin). 

The ability to protrude pseudopodia is widely spread amongst 
flagellates but this affords little justification for including such 
forms with the Sarcodina. The formation of lobose pseudopodia 
is an expression of the physical consistency of the cell protoplasm 
and may occur in cells throughout the animal kingdom. The 
pos.session of a flagellum throughout life is a distinct characteristic 
and while such forms may be considered, with Nagleria, as transi- 
tional forms to the Sarcodina they are nevertheless to be classed as 
flagellates while Nagleria with equal reason is to be classed with 
other Amcebida in which the temporary flagella are regarded as 
reminiscent structures. One argument, however, which may be 
brought against this procedure is the life history of Mastigella 
vitrea, which, as worked out by Goldschmidt (1905) includes chrom- 
idia formation and fertilization phenomena which are undeniably 
similar to those occurring in rhizopods. 
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The pscudopodia may be axepodia or lobopodia, the axial fila- 
ments and radiating pseudopodia of the former resembling the 
motile organs of the Heliozoa. The lobopodia may be finger-form 
(Masti^amoeba, Mastigelln) or ray-like {Aciinovionas, Pteridomonas, 
etc.), and are frequently limited to either anterior or posterior end. 

Flagella vary in number from one to many and dimorphism occurs 
in some forms (Pteridxymonas, Cercobodo, liodoysis). Vacuoles are 
invariably simple and either fixed or migratory as in Amatba. 

Nutrition is holozoic, or occasionally saprozoic; solid particles 
are ingested at any part of the body in some forms; in Dhmrpha 
the algal cells serving as food are killed by the pseudopodia and 
seized by short pseudopodia from the bo<ly. 



Fkj. 137. — Types of RhizoTimstiffidte. A, Mastiqamtpha (mpera. B, Actinomonas 
miralrilis; /, fiagelia; p, pseudopodia. (Fiom Calkins after F. F. Schultzo and Sav. 
Kent.) 


Reproduction is by longitudinal division in motile (Multidlia) 
or in resting phases (Ma^tigarHceba aeUmi), 

The individuals are naked and free-swimming or ameeboid and 
creeping, save when attached by stalks as in IHeruhmonas or 
Actimmonas (Fig. 137). Pscudopodia are varied; sometimes ray- 
like or branching {Pteridomonas), sometimes lobose {Masiiganiceba, 
MasligeUa) sometimes axopodia {Dimorpha). The flagellum is 
simple as a rule but the swimming flagellum may be acconijianied 
by one or two secondary flagella {Pteridomonas) or by a trailing 
flagellum {Cercobodo, liodoysis) or the latter may jiass through the 
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substance of the cell as a rhizoplast thus forming an axial fibril 
(Cercomauftix). The method of insertion is quite variable (see 
Chapter II). Fertilization processes, involving macrogametes and 
microgametes have been described in detail by Goldschmidt (1905), 
but there is considerable scepticism over his results. 


Obdeb II. PROTOMASTIOIDA. 

The flagellates included in this Order are little known for the most 
part, and their afiSnities are obscure. They are amongst the 
smallest of the Protozoa and are abundant in waters everywhejpe, 
particularly in stagnant pools and infusions. Here also are included 
some of the most pernicious of the protozoan parasites of man. 
•They well illustrate the power of continued adaptation to new con-' 
;ditions in the host, leading to progressive parasitism whereby an 
^ original commensal may become a lethal parasite. Such a transi- 
tion is shown by the genera J^eptomonas, tierpetomonas, Crithidia, 
Ijeishmania and Trypanosoma. The first of these is apparently a, 
harmless commensal of the intestine {Leptomoruis of nematode 
worms, Ilerpetomonas. ot the common house-fly) with quiescent, 
non-flagellated stages free in the lumen of the gut. Crithidia 
species live in the intestinal tracts of various larval forms of insects 
and are remarkable in having a free-swimming or nectomonad stage 
and a quiescent usually attached, resting, haptomonad stage. The 
liectomonads become transformed into haptomonads by attach- 
ment to the surface of epithelial cells, where they lose their flagella, 
live and multiply as extracellular parasites (Fig. 138). With 
Leishmania, parasitism goes a step further; the nectomonads are 
in the blood and are carried to various organs of the body where as 
intracellular parasites they live and multiply. Various forms of 
leishmaniasis are caused by different species of this genus. Kala- 
azar of India is due to L. donomni, Mesnil; tropical ulcer of the 
near East to L. tropica; infantile ulcer of the Mediterranean regions 
to L. infantum (Nicolle) ; and the Brazilian disease known as Espun- 
dia to L. tropica var. Americana or BrazUiensis (Vianna). In all 
of these diseases the quiescent phases are passed in cells of different 
organs. Trypanosoma leunsi and T. cruzi, the former a rat para- 
site, the latter a human parasite and cause of American trypano- 
somiasis (Chagas’ disease) have similar intracellular stages, the 
latter in the mammalian host, the former in the intestinal cells of 
the transmitting host a Tot-fiea CeratophyUus fasciatus (Fig. 116, 
p. 238). 

The trypanosomes of African sleeping sickness ( T. gambiense and 
T. rhodesiense) affect the human host in quite a different way. This 
is a disease of the lymphatics and the characteristic sym{)toms are 



MORPHOLOGY ANL TAXONOMY OF MASTIGOPHORA 289 

due to atrophy of the brain cells through lack of nutrition brought 
about by collections of parasites and lymphocytes (Bruce). 

The Order Protomastigida includes a great variety of heterogen-’ 
eous types of flagellates and is rather a catch-all of promiscuous 
forms than a homogeneous and clearly defined group of Protozoa. 
Flagella, for the most part, are limited in number to one or two, 
but three are present in the bilaterally symmetrical Trimastigidee. 
If two are present they may be equal in length (Amphimonadidse) in 
which case no distinction can be made l)etween primary and secon- 



Fiq. 138. — Protonionads. A, B, HerpctomonoH muRca-domenticic; C, roHtiiiK ntaffo 
of samo;£>, Criihidia aubulata, ncctomonad ; resting forms of same; F, hapto- 
monads of same attached to epithelial cell; (d) basal bodies;, (A;) parabasal body; (0 
nucleus. (From Calkins after Prowazek and Leger.) 


dary flagella; or, there may be a distinct diflFerence between primary 
and secondary (Monadidae, Bodonidse). The secondary flagellum 
may be directed forward (Monas), laterally (Prowazekia) or back- 
ward as a trailing flagellum (Bodonidas) or may be attached to the 
periplast to form an undulating membrane (CryptobiidcB). The 
single flagellum may arise from the anterior part of the cell (Bicce- 
cidas, Oicomonadidae, Choanoflagellidae and Phalansteriidae) or 
with, an undulating membrane from the posterior end (Trypano- 
somatidfe). Protoplasmic collars surrounding the bases of the 
flagella like the collar cells of sponges, are present in Chcano- 
19 
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flagellidse and Phalansteriida;. (’olony formation is frequent, the 
spheroid, arboroid and catenoid (»>Ionies, however, never attain to 
the complexity and differentiation of the phytomastigote colonies. 



Fio. 1«39.— Arboroid colony of protonionads, Poteriodendron petiolatum, (Original.) 

Soinatella formation Is frequent in parasitic forms or this mAy be 
replaced by multiple division within a cyst. Sexual processes have 
been repeatedly described but the observations arc not convincing 
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and lack coniinnation. The same is true of the autogamous pro- 
cesses described for Anthophysa, Prowasekella, Bodo and I^ptomonas. 

Family TrimastigidsB, Fascher and Lemmermann.— Bilater- 
ally symmetrical forms with one primary and two trailing flagella. 
Two genera are included neither of which is adequately described— 
Dallingeria, Kent, and Macromastix, Stokes. 

Family 2. Bicoeeida.— House-dwelling forms with rudimentary 
collar, single or colonial (Fig. 139); with {llistiona) or without 
(Bicosoeca) contractile stalk. 

Family .3. Oicomonadida.— Uniflagellate small forms of oval or . 
elongate shape, frequently amoeboid. The flagellum is anchored 
in the body by a simple basal body or by a rhizoplast with basal 
body. 

Family 4. TrypaoosomatidtB. — From a practical medical or 
public hygiene point of view, the Trypanosomatidse are among the 
most important of all Protozoa. Several known diseases of man 
and of (lomesticated animals are due to them, and other diseases 
are possible through adaptations of forms which are now commensals 
or parasitic in lower types of animals. They differ from other 
Frotomastigida in the possession of a well-marke<l periplast which 
gives a definite form to the body but still allows plasticity. The 
form is usually ellipsoidal and pointed at one or at both ends (Fig. 
48, p. 97). Mouth parts are absent and nutrition is osmotic. The 
flagellum is single arising from a basal body which is either inde- 
pendent of a blepharoplast or united with it, and follows the margin 
of an undulating membrane to the anterior end of the lawly where 
it be(;omes a free whip. A parabasal body is present in some cases. 
In Trypanosoma lewisi the developmental cycle in the arthropod 
intermediate host has been fully worked out by Minchin and 
Thompson (1915, see Fig. 118, p. 238). 

Family 5. ChoanoflagellidsB, Stein.— The collared flagellates are 
small forms (10 /t to 20 m) with a single flagellum and with an cK*ca- 
sionarsecond flagellum which is uswl for anchoring. The essential 
characteristic is the possession of a <lelicate protoplasmic collar, 
sometimes double, in the fonn of a funnel surrounding the flagellum 
(Fig. 18, p. 39). This may be rudimentary in some forms which 
are here included in the Bicoecidie. They are sedentary forms 
which, if temporarily freed, swim with the flagellum backward. 
Contractile vacuoles are simple and one or two in number. Nutri- 
tion is holozoic or saprozoic, and reproduction is by simple division 
with frequent colony formation. 

Family 6. Phalansteriidte.— These are small forms, also provided 
with collars, but both collars and cell bodies are embe<lded in jelly, 
the flagella alone protruding. Only one genus— Phalansterivm 
(Fig. 20, p. 41). 
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Family 7. Ciyptobiidts, Leidy.— Highly metabolic parasitic forms 
with primary, free, flagellum and with undulating membrane ending 
in a terminal posterior whip. Two genera: Cryptobia (Trypano- 
■plmma), chiefly fish blood parasites, and Trypanophis, a parasite 
of Siphonophora. 

Family 8. AmphimoiiadidsB, Doflein.— Forms with two equal 
flagella, naked and free-swimming, or in some types living in gela- 
tinous houses or tubes. Colony formation is frequent; contractile 
vacuoles simple, one or tw'o in number. Reproduction by simple 
division in the free-swimming state. 

Family 9. Mdnadids, Stein.— Free-living or attached forms 
provided with two dissimilar flagellaj one of which, secondary, is 
quite short. Contractile vacuoles simple and one or two in numl^r. 
Colony formation frequent. Some species of Monas and of Aniho- 
physa form cysts which are similar to those of Chrysomonadida in 
having neck-like processes closed by plugs. (Fig. 5, p. 24); silica, 
however, has not been detected in the cyst walls. 

Family 10. Bodonids, Biitschli.— Monads with two flagella one 
of which (primary) is directed forward, the other (secondary) drags 
behind. In many cases both arise from a well-marked snout-like 
process (Bodo) which, in Ilhynchomonaa, is drawn out into a ten- 
tacle replacing the primary flagellum. 'In Dinomonas both flagella 
are directed forward and are of almost equal length. The kinetic 
apparatus is complex; contractile vacuoles simple, often numerous. 
Nutrition is holozoic and reproduction is by simple division. Sexual 
processes have been described but without satisfactory evidence. 


Okdek hi. POLTMASTIOIDA, Blochmann. 

The flagellates included in this Onler arc again a heterogeneous 
lot and their classification is purely tentative. Many of them are 
extremely minute and details of structure,, particularly of the deli- 
cate flagella and their distribution on the body, are easily overlooked 
or misinterpreted. Synonymy in consequence is very confused. 
After trying in vain to harmonize the many taxonomic systems 
which have been advocated I have abandoned the idea of grouping 
forms in sub-orders and families which connote ^netic relationships, 
and in the following classification have presented the established 
genera according to their similarities in structure under the non- 
committal terms of “Tribes” and “(Sroups.” 

The structural elements on which the grouping is based are 
flagella, cytostomes and kinetic elements, the axostyle in particular. 
Tribes are designated according to the single (Monozoa) or double 
(Diplozoa) condition of the cytostome and accompanying kinetic 
elements; or multiple. (Pblyzoa) according to the presence of many 
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sets of what are obviously unit aggregates of nuclei and kinetic 
elements (karyoinastigonts and akaryomastigonts of Janicki). 

The great majority of forms included here are parasitic and most 
of them are simple with one cytostome if any (Tribe Monozoa). 
The kinetic elements are highly developed much more so than in 
free-living types. In a small number of genera which are usually 
grouped as the Order Distomatida (Klebs), the cytostome is double 
and the organisms are bilaterally symmetrical. In the majority 
of these the mouths are separated and occupy symmetrical positions. 
In Giardia, however, the mouths have come together to form a 
single suctorial cytostome (Fig. 140). There is some justification 
for Kofoid’s (1920) hypothesis that Giardia has resulted from the 
division of a type something like Chilomastix with subsequent re- 




Fig. 140 ,— Giardia muris; ax, axostylo; 6, blepharoplast; bg, basal body; c, centriole; 
k, ondosome ; n, nuclei ; p, parabasal body. (After Kofoid and Christianson.) 

fusion as in the formation of a double Uroleptua mohilia (see p. 466) 
or of a double Glaucoma acintiHans described by Chatton (1921). 
Like Giardia the majority of these forms are binucleated and each 
side has its equivalent Complex of kinetic elements. Kofoid points 
out that Chilomaatix is almost an exact duplicate of the right .side 
of Giardia, and the various types included here may be interpreted 
as having arisen in a similar manner from flagellates with originally 
two, three, or four, fiagella. For this reason we have grouped them 
here under the Tribe Diplozoa. 

Somatella formation is a frequent phenomenon in the life history 
of these parasitic flagellates. Within the cell membrane the nucleus 
and kinetic elements divide, usually from 2 to 4 times, and 4, 8, 
or 16, future individuals are thus containefl within the mem- 
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brane of the parent cell (see p. 237). This method of sporula- 
tion is frequent in Protomastigida and equally common amongst 
these Polymastigidse. As the Diplozoa may represent incompletely 
divided individuals, so one group of the Polymastigida are gen- 
erally interpreted as incompletely separated daughter cells which 
have arisen through somatella formation. With Janicki, Doflein, 
Koidzumi and others we include all such multiple forms under the 
Tribe Polyzoa. Each of the one hundred or more nuclei of Steph- 
anonyvipha (Fig. 141) is accompanied by similar kinetic elements, 
flagella, blepharoplast and rhizoplast and, according to the hypoth- 



Fig. 141. —Stephananympha sylvestri; with many nuclei, kinetic groups, and 
flagella. Rhizoplasts unite to form the inner axial strand. (After Janicki.) 


esis, each complex represents a single ancestral organism (karyo- 
mastigont). In CaUmympha (1%. 49, p, 98) the nuclei are less 
numerous and some sets of kinetic elements are not accompanied 
by nuclei, such aggregates are called akaryomastigonts by Janicki. 
In all of these forms the rhizoplasts come together to form a distinct, 
unified, and sometimes huge, axial strand (Fig. 141). This axial 
strand is morphologically quite different from the axostyle of mono- 
zoic and polyzoic forms, where, according to Kofoid, this element 
acts as an organ of locomotion, assisting a Trichomonaa for example, 
in making its way through the dense mucus of its environment. In 
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Pyrsonympha and Dinenympha (Monozoa) the axost^de may vibrate 
actively in the endoplasm of the cell. In the majority of forms, 
however, the axostyle is fairly rigid, projecting in some genera 
beyond the posterior cell periphery {Trichomoms, Foaina, etc.). 

Most of the Polymastigida are parasitic and colony formation is 
unknown. In many genera one at least of the flagella is trailing 
or united with the periplast to form an undulating membrane. 
The kinetic elements are complex and present in some way or other 
all known derivatives of the blepharoplast, including basal bodies, 
blcpharoplast, parabasal body, centrioles and rhizoplasts. Chromo- 
somes of definite form and number are characteristic and a central 
spindle which in most flagellates is intranuclear (centrodesmose) is 
here, in the majority of forms at least, outside the nuclear membrane 
(paradesmose). 

The periplast is usually delicate permitting metaboly or plastic 
changes of the body form. Contractile vacuoles are absent. A 
mouth opening is common and may be accompanied by a definite 
pharynx. Nutrition is usually holozoic but some forms are sapro- 
zyic. Reproduction is typically by longitudinal division but 
multiple division with somatella formation is widely distributed. 
Encystment is practically universal and infection of new hosts is 
brought about by such cysts through contaminative infection. 
Sexual processes have been described but the data are unconvincing 
and the interpretation very questionable. Bunting (1922) describes 
a species of Tetraniitvs as the flagellated phase of a coprozoic 
Am(rba. 

Polymastigida are characteristic parasites of the digestive tract 
and may usually be found in the intestine of any vertebrate par- 
ticularly mammals and man, or in the intestine and rectum of 
many kinds of invertebrates particularly of insects. Their patho- 
genic,* effects on the host are cjuestionablc but in no case are tliey 
as severe as those due to the Protomastigida. Octomitun mlmonis 
(Moore, 1922) however, like Leishviania and Trypanmoiua has an 
intracellular developmental phase whereby multitudes of cells of 
young trout are destroyed and the trout killed (Davis, 1923). 

OuDKU IV. HTPERMASTIGIDA, Grassi. 

The organisms included in this Order arc parasites of insects, 
particularly of Termites and are the most highly specialized of the 
Mastigophora. Many authors indeed, make them a distinct (*lass of 
the Protozoa. Flagella are numerous and may arise from all parts 
of the body but they are always connected by coordinating fibrils 
or rhizoplasts, with a centroblepharoplast at the anterior end. 

The peculiar symbiotic relations of Termites and these Ilyper- 
mastigida have been cleared up by the excellent work of Cle\x‘land 
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(see p. 196). Tood'taking at the posterior end of the body through 
the activity of pseudopodia-Iike processes has been described by 



Fia. 142 . — TeraUmympha mirabUU, 
one of the Hypenhastigids. (After 
Koidsumi.) 


Swezy (1923), and at the anterior 
end of the body by a process 
similar to the method described 
by Rhumbler for Amceba, as 
invagination (Cleveland, 1926). 
The food substances are larger or 
smaller fragments of wood, imply- 
ing the activity of exceptional amy- 
lolytic digestive ferments (cellu- 
lase). The products of digestion 
are glycogens which are used as 
nutriment by the termites. Ter- 
mites deprived of these flagellates 
die, and if the wood diet of the 
Termites is stopped the flagellates 
die (Cleveland). 

The general covering of flagella 
has led to the inclusion of these 
flagellates with the Infusoria. 
The organization, however, has 
nothing in common with that of 
the Ciliata; they are uninucleate 
and their kinetic complex is homo- 
logous with nothing in the ciliate 
cell, but is best interpreted as a 
special development of the flagel- 
late type of kinetic apparatus. 
This, in a typical case, consists 
of a conspicuous mass of substance 
deeply staining with hematoxylin, 
which forms the center of a radi- 
ating system of fibrils (rhizoplasts) 
running to the cortex in various 
parts of the cell where they end in 
basal bodies which give rise to 
long flagella. The central mass of. 
this system is termed a centroble- 
pharoplast by Kofoid because of. 
its' function in cell division (Fig. 
51, p. 100). At this time it 
becomes a huge centrosome which 
divides to form an amphiaster 
with central spindle fibers and 
astral rays formed by the con- 
verging rhizoplasts while the cen- 
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tral spindle fibers form a paradcsiuose. An axial strand of associated 
rhizoplasts is also present in many types, lleproduction by longi- 
tudinal division is characteristic throughout, the kinetic apparatus 
in many cases being discarded and new ones formed. Multiple 
division and somatella formation is also characteristic (Lophomon- 
adidie). 

We follow Grassi (1917) and Koidzumi (1921) in placing the 
numerous genera of Hypermastigida in six families, two of which, 
Staurojoenidaj and Teratonymphidie, have only one genus each. 
The latter is represented by a most unusual type, Teratony7npha, 
Koidz. with plications of the periplast which give it a character- 
istic segmented appearance (Fig. 142). 

Family 1. LophomonadidsB, Grassi.— In these forms the many 
flagella are concentrated at the anterior end of the cell and arise 
from a circle of basal bodies and blepharoplasts which form a 
collar-like aggregate of kinetic elements. In all species thus far 
described rhizoplasts unite posterior to the nucleus to form an axial 
strand (Fig. 98, p. 212). A mouth being absent solid food sub- 
stances are ingested at any part of the posterior end of the body 
(Janicki). Division processes are complicated and involve the 
degeneration and disappearance of the old kinetic apparatus and 
flagella, and the formation of a new complex of nucleus, collar and 
flagella for each of the daughter cells (Fig. 98). Multiple division 
into eight occurs during encystment (Lophommias). 

Family 2. Joanida, Grassi.— As in the preceding family the 
many flagella are confined to the anterior end or, exceptionally, 
distributed over the larger part of the body {Mesojeenia). Some of 
the flagella are directed posteriorly covering part of the body as 
with a mantle {Jesnia), A conspicuous and powerful axial strand 
is invariable. Mode of life and reproduction are the same as in the 
Lophomonadidse. They are parasites mainly of Caloterrnes species. 

Fayiily 3. Trichonymphide, Janicki.— Very large parasites of 
termites with numerous and long flagella arising from the anterior 
third of the body. The flagellar area is distinctly marked off into 
an anterior and a posterior zone. The anterior tip is free from 
flagella and is provided with a knob or tubular structure termed the 
/‘head organ.^' An axial strand is absent but a fluid-filled vacuole 
is present at the anterior end. The kinetic apparatus is very 
complex and is re-formed at division. 

Family 4. HolomastigotidsB, Janicki.— Here the entire body is 
covered with cilia-like flagella which may be closely set, without 
especial arrangement, or arranged in spiral rows. A “head organ” 
and an axial strand may also be present. 
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m. KEY TO COMMON GENERA OF MASTIOOPHORA. 

Flagellates colored by chlorophyll and their color- 
less relations; vacuoles simple or complex 

Class 1. Phytomastigoda 

Flagellates without chlorophyll or relation to chlo- 
rophyll-bearing forms Class 2. Zoomastigoda 

Class I. PHYTOMASTIGODA, Doflein. 

1. Without cellulose shell, furrow, or transverse 

flagellum 2 

With cellulose shell, transverse flagellum 
and furrow Order 3. Dinoflagellida 

2. Chlorophyll yellow or brown; vacuoles 

simple. 3 

Chlorophyll green; vacuoles simple or 
complex 4 

3. Gullet absent; cells not flattened. .Order 1. Chrysomonadida 
G ullet present; cells usually flattened 

Order 2. Cryptomonadida 

4. Cellulose membrane; no gullet; vacuole 

simple Order 4. Phytomonadida 

With gullet; vacuole system complex 5 

5. Metabolic products paramylum. . .Order 5. Euglenida 

Metabolic products oil Order 6. Chloromonadida 

Order I. CHRYSOMONADIDA. 

1, Motionless stage dominant or permanent 2 

Motile stage dominant Sub-order 1. I^uchrysomonadina 

2. No flagella known; rhizopodia fonns 

Sub-order 2. Rhizochrysidina 
P almella-stage dominant Sub-order 3. Chrysocapsina 

Sub-order 1. Euchrysomonadina. 

With one apical flagellum Family 1. CuROMULiNiDi® 

With two, equal, apical flagella. . . .Family 2. Isochrysida 3 
With two, unequal, apical flagella. .Family 3. Ochromon^adid.e, 

With calcareous discs and rods Family 4. CoccoLiTiiopHORiDyE 

With simple or fenestrated skeleton . Family 5. Silicoklagellid.e 

Family 1. Chromuliiiidse. 

1. Chromatophores indefinite or network 

Tribe 1. Ciirysapsidina 3 
Chromatophores definitely formed 2 

2. Test if present, simple, not sculptured 

Tribe 2. EucHuoMuiJNiDiE 
Test sculptured; vacuole simple or double 

Tribe 3. Mallomonadid-e 

Tribe 1. Chrysapsidinaa. 

One genus with tribal characteristics. .Genus Chrysapsis 
Tribe 2. Euchromulinid.^ 

1. With marginal tentacles; truncate 

Sub-family 1. CRYTOPHORiNiE 


No marginal tentacles 2 

2. Naked; without test or house 3 

With test or house 4 
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3. Not laterally compressed Sub-family 2. Chromulimn.k 

Cell laterally compressed Sub-family 3. Sphaleuomantin*k 

4. Test delicate; only partly filled 

Sub-family 4. Lepoghromulininai: 
Test thick; spherical; close-fitting 

Sub-family 5. Kytochromulinin.e 

Sub-family 1. CyrtophoriruB 

1. With contractile stalk 2 

No stalk; cells in anterior third of test 

Genus Pahiinclla 

2. Tentacles much shorter than the flagellum 

Genus PedinelUi 

Tentacles much longer than the flagellum 

Genus Cyrtophora 

Sub-family 2. ChromulinincB 

Circular in optical cross-section Genus Ckromulina 

Pjrramidal; triangular in cross-section. . Genus Pyramidochrysia 
Sub-family 3. SphaleromantiruB 

With characteristics of the sub-family, one 

genus Genus Sphaleromantis 

Sub-family 4. LepochromulinincB 

1. Free-swimming 2 

• Attached 3 

2. Test with wide opening Genus Kephyrion 

Test calcareous with pores for fine pseudo- 
podia Genus Porochrysis 

3. Test without ^^straddling^' processes. Genus LepochromuUna 
Test with two straddling arms; attached to 

Genus Chrysopyxis 


Sub-family 5. Kytochromulinma 

One genus with characters of the sub-family 

Genus Chrysococcus 

Tribe 3. MALLOMONADlDiE 
Family 1. Mallomonadidss. 

1. Solitaiy forms 2 

Colonial; in jelly; two spines from eacjh cell 

Genus Chiysosphcerella 

2. ^ Pellicle close-fitting, soft Genus Microglem 

‘Pellicle rigid; with silicious plates and 

needles Genus MaUomonds 

Family 2. Isochrysidss. 

Without close-fitting sculptured pellicle 

Sub-family 1. Ibochrysin.® 

With close-fitting sculptured pellicle 

Sub-family 2. Eukymenomonadina!] 

Sub-family 1. IsochrysinoB 

1. Without test; colonial in jelly; free swim- 

ming ijenu^ Syncrypta 

With test 2 

2. Short stalk or none; often with test par- 

tition Genus Derepyxis 

Long stalk and test Genus Stylochrysalis 

Sub-faniily 2. Euhymenomonadince 

1. Solita^ forms Genus Hymmomonas 

Colonial forms 2 

2. Globular colonies; cells radially arranged 

Genus Synura 
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Band-form colonics; cells triangular, broad 
at base Genus Chhrodesmus 

Family 3. Ochromonadidn. 

Cells naked, solitary or colonial. Sub-family 1. Ochromonadin.® 
With tests, tests often complex. Sub-family 2. Lepochromonadinai: 

Sub-family 1. Ochromonadinw 

1. Solitapr forms 9 

Colonial forms 3 

2. Colorless forms with stigmata Genus Heterochromonns 

With chromatophores, usually without 

stigmata Genus Ochromonas 

3. Colonies globular or ellipsoidal 4 

Colonies wheel or funnel-shape Genus Cyclonexis 

4. Cells peripheral, no inner processes, irreg- 

ular Genus Uroglenopsis 

Cells fixed by inner gelatinous, branched, 
processes Genus Uroglena 


Sub-family 2. LepochromonadimB 

1. Tests with external markings or processes 

Genus Hyalohryon 

Tests simple, no markings or processes. . . 2 

2. Free-swimming forms 3 

Attached forms 5 

3. Cell at base of cup, no stalk 4 

Stalk of cell attached to base of cup 

Part of Genus Dinobryon 

4. Test keg-shape .with cross constrictions 

Genus Pseudokephyrion 
Test oval or ellipsoid; no cross constrictions 

Genus Kephyriopsis 

5. Tests with long, often delicate, stalks 6 

Tests without stalks; cells with contractile 

stems Genus Dinobryon 

6. Tests globular or vase-shape; cells at 

bottom Genus Stylopyxis 

Tests beaker-shape, narrow; cells at mouth 

Genus Poteriochrmmnm 

Family 4. Coccolithophorida. 

Shell plates are unperforated discs (dis- 

coliths) Sub-family 1. SYHACosPHiBRiNi® 

Shell plates are perforated (tremaliths) 

Sub-family 2. Coccolithophorin^ 


Sub-family 1. SyracosphcBrimB 

1. Discs without spinous floating processes. . . 2 

Discs with spinous processes 3 

2. Cells with one flagellum Genus Pontosphcera 

Cells with two equal flagella Genus Syracosphiera 

3. Body covered with disc-plates. . 4 

Body plates absent, long floating processes 

Genus Halopappus 

4. Equatorial plates not modified as floats 

: Genus Michaelsarsia 

Equatorial plates modified as floats 5 

5. Equatorial processes beaker-shape. .Genus Syracosphcsra 
Floating processes hom-shape. .... .Genus ToTospfusra 
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Sub-family 2. CoccoliihophorincB 

1. Perforated discs without floating processes 

Genus Coccolithophorn 

Perforated discs with floating processes. . . 2 


2. Floating processes club-shape Genus Rhdbdosphcera 

Floating processes with terminal discs 

Genus Discosphotra 

Family 5. Silicoflagellida. 

1. Silicious skeleton a simple ring Genus Mesocena 

Basal ring with bars to form hat-like skele- 
ton 2 


2. Silicious bars one to four in number . Genus Dictyocha 
Silicious bars more than four in number. . . 3 

3. Simple apical ring formed by fused bars 

Genus Diatephanm 
Complex apical ring. Genus Cannophilus 

SuB-oKDER 2. Rhiaochrysidina. 

1. Naked forms 2 

With tests or houses 4 

2. Solitary forms Genus Rhizochrysis 

Colonial forms 3 

3. Chain-form or band-like colonies . . . Genus Chrysidiastrum 

* Wheel-form colonies Genus ChrysostephanosphoBra 

4. Tests oval or ellipsoid, stalks long and fine 

. Genus Stylococcm 

Tests with broad bases; sessile Genus Lagynion 

SuB-oHDER 3. Chiysocapsina. 

Growth general, not limited to ends of 

branches Family Chrysocapsid^ 

Growth limited to ends of branches; apical 

Family HyDRURiDiB 

Family 1. Chrysocapsidas. 

Palmella aggregate small; not branching 

Genus Chrysocapsa 

Palmella aggregate branched or irregular 

Genus Ph/Bosphcera 

Family.2. HydruridsB. 

One genus with characters of family. . . Genus Hydrurus 

Order II. CBTPTOMONADIDA. 

Motile flagellated stage predominant 

Sub-order 1. Eucryptomonadina 
P almella-stage predominant Sub-order 2. Phasocapsina 

• Sub-order 1. EuGryptomonadina. 

Anterior end obliquely truncated; with furrow 

Family 1. Cryptomonadidas 
C ells bean-shape; furrow lateral, near equator 

Family 2. Nephroselmidas 

Family 1. CryptomonadidsB. 

1. Furrow median, not deepened to a gullet. . 2 
Furrow insunk, forming distinct gullet — 5 
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2. Chromatophorcs blue to blue-green 3 

Chromatophores brown, red, or green 4 

3. One or two large chromatophores. . .Genus Chrodmmaa 
Many small, discoidal chromatophores 

Genus Cyanomonas 

4. Chromatophores green or brown, rarely 

reddish Genus Cryptochrysis 

Chromatophores red, usually single. Genus Rhodomonas 

5. Chromatophores yellow 6 

Colorless forms; no chromatophores 7 

6. Free-living fonns; two lateral chromato- 

phores Genus Cryptomonas 

Symbiotic; “yellow cells*' in part, of Fora- 

minifera Genus Chrysidella 

7. Flagella (two) from center of anterior end; 

saprozoic Genus Chilomonas 

Fla^lla at comer of anterior end; holozoic 

Genus Cyathomonas 


Family 2. Nephroselmidss. 


Furrow and stigma distinct; no gullet. .Genus Protochrysis 


Furrow indistinct; with gullet; no stigma 

Genus Nephroselmis 


Sub-order 2. Phssocapsina. 

Gelatinous masses irregular; no threads 

Family 1. PHiEOCAPsiDiE 
Gelatinous masses branched; with long hairs 

Family 2. PHiEOTHAMNlONIDAS 

Family 1. Phsaocapsidas. 

One genus with family characters Genus Ncegeliella 

Family 2. PhsBothanmionidss. 

One genus with family characters Genus Phmoihamnion 


Order III. DINOFLAGELUDA. 

Body naked or shelled; girdle and sulcus at 

some stage Sub-order Diniferina 

Naked or with bivalve shell; no sulcus, no 

girdle Sub-order Adinina 

Naked; no sulcus or girdle; no transverse 
flagellum Sub-order Cystoflagellina 

Sub-order 1. Diniferina* 

1. Naked or with delicate one-piece shell; 

girdle and sulcus distinct at some stage 

Tribe 1. Gymnodinioidjij 
With skeletal elements, plates or membrane 2 

2. No enveloping cuirass; skeletal elements 

embedded or superficial « .Tribe 2. Amphilothioidass 

With theca or cuirass; epitheca and hypo- 
theca separated by girdle plates Tribe 3. Peridinioidas 
Tribe 1. GvMNODINIOIDiB 

1. With delicate one-piece cellulose shell 

Genus GUnodinium 

Body without shell, naked 2 
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2. Girdle and sulcus obscure; flagella thread- 

like Family 1. Protodiniferid.b 

Girdle and sulcus distinct; transverse 
flagellum ribbon-like 3 

3. Individuals permanently colonial Family 3. PoLYKRiKiDiE 

Individuals not colonial 4 

4. With ocellus Family 5. Pouchetiid;b 

Without ocellus 5 

5. With tentacle Family 4. Noctilucid.e 

Without tentacle 6 

6. Not parasitic Family 2. Gymnodiniid^j 

Parasitic Family 6. BLASTODiNiDiE 

Family 1. ProtodiniferidsB. 

1. Flagellum encircling tentacle-like process. . 2 

Girdle short; tentacle not encircled. .Genus Protodinifer 

2. Both flagella wound about conical tentacle 

Genus ITemistasia 

Both flagella free Genus Oxyrrhis 

Family 2. GymnodiniidsB. 

1. Girdle one-half turn only Genus Heniidinhim 

Girdle more than one-half turn 2 

2. Girdle anterior; epicone relatively minute 

Genus Aniphidinium 

• Girdle median, sub-median, or spirally 
wound 3 

3. Girdle sub-median Genus Gymnodmium 

Girdle posterior or spirally wound 4 

4. Girdle posterior Genus Torodinium 

Girdle spirally wound 5 

5. Spiral girdle less than one and one-half 

turns .... Genus Gyrodinium 

Spiral one and one-half or more turns 

Genus Cochlodiniwn 


Family 3. PolykiikidsB. 

One genus with characters of family. . .Genus Polykrikos 
Family 4. Noctilucidse. 

Gynmodinium-like girdle pcjrsistent .... Genus J^nvilUirdia 
Girdle in swarm-spore stage; adult with ten- 


tacle Genus Noctiluca 

Family 5. PouchetiidsB. 

1. Girdle as in Gymnodinium, no displace- 

ment Genus Protopnis 

Girdle spirally wound 2 

2. With nematocysts Genus Nejnatodinium 

Without nematocysts 3 

3. Without posterior tentacle. . Genus Pouchetin 

With posterior tentacle 4 

4. ICpicpne and hypocone nearly equal . Genus Prolerythropsis 

. Epicone smaller than hypocone Genus Erythropsis 

Family 6. Blastodinida. 


1. Ectoparasitic forms on eggs or appendages 2 
Endoparasitic forms in gut or body cavity 7 

2. Parasites on appendages of pelagic animals 3 

Parasites on eggs or in other protozoa 5 

3. Hemispheres sub-equal 4 

Anterior hemisphere more developed than 

posterior Genus Oodinium 
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4. Attaching peduncle prolonged in rhizoids 

Genus Apodinium 

Attaching peduncle not prolonged in rhi-, 
zoids Genus Parapodinium 

5. Parasites on copepod eggs 6 

Parasites on diatoms Genus Paukenella 

6. Dinospores Gymnodinium-like Genus Chytriodiniym 

Dinospores Spirodinium-like Genus Trypanodinium 

7. Intestinal parasites 8 

Coelomic parasites Genus Syndinium 

8. Vegetative forms not attached 9 

Vegetative forms attached Genus Haplozodn 

'9. Products of division independent and sepa- 
rate Genus Schizodinium 

Products of division remain together 

Genus Blastodinium 

Tribe 2. AMPHiLOTHiODi® 

Four doubtful genera of Dinoflagellida— AwpAifopAus Schtitt, Gym-- 
naster Schiitt, Achradina Lohmann, Monaster Schiitt. 

Tribe 3. Pbridinioid^ 

1. Girdle and sulcus present 2 

Girdle and sulcus absent, plant-like 

Family 3. Phytodinid-® 

2. Cuirass usually divided by sagittal suttire 

Family 2. Dinophysid® 

Shell of distinct plates, no suture. Family 1. Prridinid® 

Family 1. PeridinidsB. (Deep sea forms omitted). 

1. Cuirass prolonged into hom-like processes 2 

Cuirass without horns 5 

2. Short horns on hypotheca 3 

Horns on hypotheca and epitheca 4 

3. Homs two or three in number Genus Peridinium 

Horns more than three in number. .Genus Ceratocorys 

4. One anterior, one to three posterior horns 

Genus Ceratium 

Homs numerous on both halves Genus Acanthodinium 

6. Body polyhedral Genus Goniodoma 

Body spheroidal Genus Gonyaulax 

Family 2. DinophysidSB. (Deep sea'forms omitted.) 

1. Form elongate or needle-like ” Genus Amphisolenia 

Form ellipsoidal, ovoidal or spheroidal 2 

2. Girdle ridges broad, often funnel-like 

Genus Dinophysis 

Girdle ridges narrow; never funnel-like 

Genus Phalacroma 

Family 3. Phytodinida. 

1. Individuals stalked (usually fresh water) 

Genus Stylodinium 

Individuals not stalked 2 

2. Chroinatophores distributed, protoplasm 

‘ radial Genus Pyrocystis 

Chromatophores peripheral; plasm not 
radial Genus Phytodinium 


Sub-order 2. Adinina. 

With anterior spine-like process Genus Prococentrum 

Anterior end rounded Genus Exuvicella 
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Sub-order 3. CystoflagelUxia. 

Two doubtful genera of Dinoflagellates — 

Form disGoidal with minute flagellum. .Genus Leptodificus 

Form medusa-like; with velum Genus Craapedotella 

* Order IV. PHTTOMONADIDA. 

1. Four flagella; no firm membrane. Family 1. Polyblepharid^k 

Usually two flagella; with cellulose mem- 
branes 2 

2. Cellulose membrane a single piece 3 

Membrane in two valves Family 2. Phacotid.e 

3. With chromatophores 4 

Colorless forms Family 3. Polytomid.® 

4. Solitary or colonial; flagella two or four 

Family 4. Culamydomonadid® 
Colony forms; two flagella Family 5. Volvocid® 

Family 1. Polyblepharidas. 

1. With green chromatophores Genus Pyramimonas 

Colorless forms Genus PolytomelUi 

Family 2. PhacotidsB. 

1. Bivalve shell distinct at all times. . .Genus Phacotus 

• Bivalve condition shown only during divi- 
sion 2 

2. Shell with lateral ridges Genus Pteromonas 

Shell without lateral ridges Genus Coccoinona^s 

Family 3. PolytomidsB. 

With rounded anterior end; two flagella 


Genus PolyUma 

With obliquely truncated anterior end . Genus Parapolyioma 

Family 4. ChlamydomonadidsB. 

1. With four flagella 2 

With two flagella 3 

2. Individuals solitary Genus Carter ia 

Colonial forms Genus Spondylomorum 

3. Cellulose membrane tight fitting 4 

Membrane separated by space from cell. . . (5 

4. Cells elongate, spindle-form Genus Chhrogmdum 

* Cells spherical or ellipsoidal 5 

Cells cuboidal or lobate 7 


5. One large, cup-shape chromatophore 

Genus ChUimydomonas 
Chromatophore band-form about periphery 

Genus Mesostigrna 

6. Flagella pass through jelly of shell. .Genus Sphierella 
Flagella from protoplasmic strand at per- 


iphery Genus Htefnntococcm 

7. Lobate ann-like processes Genus Brachioinmias 

Variable mound-like excrescences on cell 

Genus Lobomonas 

Family 5. VolvocidsB. 

1. Colony flat • cells in one plane. 2 

Cells united in spheroidal colonies 3 


2. Flagella directed from one surface onlv 

Genus Gonium 


20 
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Flagella directed alternately from both 
sides . .Genus Plabydorina 

3. Cells in meridional plane only Genus Stephanosphcera 

Cells distributed on or in a gelatinous mat- 
rix 4 

4. Colonies of sixteen closely united cells 

Genus Pandorina 

More than sixteen cells, not closely asso- 
ciated 5 

5. Individuals do not form a superficial layer 6 
Individuals form a superficial layer of cells 

Genus Volvox 

6. Cells not differentiated, thirty-two in 

number ^ Genus Eudorina 

Cells different in size, somatic and germinal 

Genus Pleodorina 


Order V. EITQLENIDA. 

1. With chromatophores and, usually, stig- 

mata Family 1. Euglenid^k 

Without chromatophores 2 

2. Without stigmata 3 

With stigmata 5 

3. With one ffagellum 4 

With two flagella, one directed posteriorly 

Family 3. Heteronemid.e 

4. Single flagellum directed anteriorly 

Family 2. Astashov 
S ingle flagellum directed posteriorly Genus Clautriavia 

5. One species of genus Astasia Species A, ocellata 

Family 1. Euglenidm. 

1. Flagellum single, form rigid or metabolic . . 2 

Two flagella, body metabolic Genus Eutreptia 

Three flagella; commensal in tadpole intes- 
tine Genus ?Juglenomorpha 

2. Solitary, without gelatinous stalk 3 

Stalked and colonial in resting phase (kmus Colacium 

3. Test or shell absent 4 

Test or shell present 6 

4. Rigid or metabolic; paramylum varied 

Genus Euglena 

Rigid, never metabolic 5 

5. Cylindrical; lateral paramylum bodies ring- 

form Genus LepocincUs 

Flattened; paramylum body usually single, 

central Genus Phacus 

6. Test simple or spinous 7 

Test thick; two band-formed chroraato- 

phores Genus Cryptoglena 

7. Test rigid; spines frequent; free-swimming 

Genus Trachelomonas 

Test flexible; attached at base Genus Ascoglena, 

Family 2. * Astasiid». 

1. Cells distinctly metabolic 2 

Cells rigid 6 
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2. Parabasal body invisible in life 3 

Parabasal body visible 4 


3. Mouth-like fold at base of flagellum Genus EugUrnym 
Without fold at base of flagellum. . .Genus Astasia 

4. Spindle-shape; anterior end narrowed 5 

Flask-shape; anterior end funnel-like 


Genus Urceolus 

5. Parabasal body single Genus Peranema 

Parabasal double or triple Genus Jenningsia 

6. Organisms free-living 7 

Organisms parasitic or coprozoic Genus Scytomanas 

7. Body crescentic or S-shape Genus Menoidium 

Body not curved, usually with keels Genus PetaUmonas 

Family 3. Heteronemidas. 

1. Cells metabolic 2 

Cells rigid 4 ’ 

2. Parabasal body invisible; no cortical gran- 

ules 3 

Parabasal visible; spirally placed cortical 
granules Genus Dinema 

3. Second flagellum shorter than half the body 

Genus Distigma 

« Second flagellum as long as, or longer than 

body Genus Hetfironema 

4. Periblast smooth; without keels 5 

Periplast with keels 8 

5. Second flagellum trails behind 6 

Second flagellum carried on side Genus Metanema 

6. With internal tube Genus Entosiphm 

Without internal tube 7 

7. With slit-like ventral furrow Genus Anisanema 


With broad, pocket-like ventral furrow 

Genus Marsupiogaster 

8. Body broadly truncate; pyramidal. .Genus Notosolenus 

Body ellipsoidal 9 

9. Second flagellum half body length or 

shorter 10 


Second flagellum as long as body or longer 

Genus PUBotia 


10. Keels inconspicuous, two to four in number 

Genus Sphmonumas 

Keels conspicuous; eight in number. Genus Tropidosq/phus 


Okder VI. CHLOBOMONADIDA. 

1. Cells with discoidal, bright green chroma- 

tophores 2 

Colorless; pseudopodia from ventral surface 

Genus Thaumatommtix 

2. Cortex without refractilc, trichocyst-like 

rods 3 

Cortex with trichocyst-like rods Genus Gonyostomum 

3. Cells metabolic; narrowed anteriorly Genus Vacuolaria 
Cells narrowed posteriorly; not metabolic 

Genus Trenionia 
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Class II. ZOOMASTIOODA. 

1. With flagella and pseudopodia Order 1. Pantastomatida 

. No pseudopodia; with or without mouth. . 2 

2. With one or two primary flagella . Order 2. Protomastigida 

With more than two flagella 4 

3. Not more than eight flagella except in 

Calon 3 miphids 0 Order 3. Polymastigida 

More than eight flagella Order 4. Hypermastigioa 

Order I. PANTASTOMATIDA. 

Cells polyaxonic; with many flagella Family 1. HoLOMASTiGiDiE 
Cells monaxonic; one to three, rarely four, 

flagella Family 2. RhizomastigidjE 

Family 1. HdlomastigidfiB. 

One genus with the characters of the family 

Genus MuUicilia 

Family 2. RhizomastigidsB. 

1. Flagellum base with ring of pseudopodia 

Genus Pteridomonas 

Flagellum base without pseudopodia 2 

2. Individuals with stalk; pseudopodia ray- 


like, Genus Actinomonas 

Individuals without stalks 3 

3. Pseudopodia if present, without axial fila- 

ments 4 

Pseudopodia with axial filaments . . . Genus Dimorpha 

4. Usually one swimming flagellum 5 

One swimming, one trailing flagellum 7. 

5. Cytoplasmic axial rod absent 6 

Cytoplasmic axial rod present Genus Cercomastix 

6. Flagellum rises from the nucleus Genus Mastiganwsba 


Flagellum rises independently of the nucleus 

Genus Mastigella 

7. Anterior end with trough-like depression 

Genus Bodopsia 

Anterior end without depression. . . .Genus Cercobodo 

Order II. PROTOMASTIGIDA. 

1. One flagellum only 2 

Two flagella 6 

Three flagella; one swimming, two trailing 

Family 1. TRiMASTiGiDiB 

2. Protoplasmic collar absent 3 

Protoplasmic collar present 5 

3. Tentacle-like process absent 4 

Tentacle-like process present. . .Family 2. BiccECiDiE 

4. Undulating membrane absent. . .Family 3. OicoMONADiDiE 
Undulating membrane present; internal 

parasites Family 4. TRYPANosoMATiDiE 

5. Collar never enclosed in jeUy — Family 5. CnoANOFLAGELLiDiK 
Collar entirely enclosed in jelly. .Fanuly 6. PnALANSTERiiDiR 

6. Undulating membrane present; parasites 

Family 7. CRYi>TOBiiDiB 
7 


Undulating membrane absent 
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7. Flagella of dissimilar length 8 

Flagella of similar length Family 8. AMPHiMONADiDiK 

8. One primary flagellum, one secondary 

Family 9. Monadid^b 
One primary flagellum, one trailing 

Family 10. Bodonidas 


Family 1. Trimastigidse. 

Trailing flagella arise from anterior tip . . Genus Macromastix 
Trailing flagella arise below anterior tip 

Genus DaUingeria 

Family 2. Bicoocidse. 

1. Peristomial region thm, skin-like 2 

Peristomial region thick, proboscis-like 

Genus Poteriodendron 

2. Individuals attached by contractile stalk 

Genus Bicceca 

Individuals without contractile stalk Genus Histiona 
Family 3. OicomonadidsB. 

1. One swimming flagellum 2 

One trailing fljigellum Genus Ancyromonas 

2. No cytostome, free-living Genus Oicomonas 

^ With cytostomC; free-living or parasitic ... 3 

3. Free-living; mouth small with gullet Genus Thylacomonaa 

Parasitic in digestive tract 4 

• 4. With parabasal body Genus Lepfomonos 

Without parabasal body 5 

5. Lumen-dwelling; no intracellular stage 
• Genus Rhizomastix 

With intracellular- non-flagcUated stfige 

Genus Leishmania 

Family 4. Trypanosomatida. 

Undulating membrane extends down the body 

Genus Trypanosoma 

Undulating membrane at base of flagellum 

1 ^ ’Ml • J * _ 


only. Genus Crithidia 

Family «5. ChoanoflagellidsB. 

1. With one protoplasmic collar 2 

, With two protoplasmic collars (?) 10 

2. Without test or shell 3 

With test or shell 9 

3. Individuals not embedded in jelly 4 


All but collar enclosed in jelly; colonial. . . 8 

4. Solitary; short stalked or sessile Genus Monosiga 

Branched or otherwise colonial; not sessile 5 

5. Stalks attached; individuals clustered at 

ends 6 

Individuals in free-swimming colonies .... 7 

6. Stalk not branched Genus Codonosiga 

Stalk branched Genus Codonocladium 

7. Colonies stellate Genus 

Colonies band-form, simple or branched 

Genus Desmarella 

8. Individuals without stalks; irregularly 

placed Genus Proterospongia 

Individuals with stalk, radially arranged 

Genus Sphoeroica 
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9. Cells attached Genus Scdpingceqa 

Cells free-swimming Genus Lagenceca 

10. Individuals without test 11 

Individuals with delicate test Genus Diplosigopsis 


11. Individuals sessile or with short stalk 

Genus Diplosiga 

Individuals with very long stalk Genus Codanoaigopsis 

Family 6. Phalansteriidm. 

Chie genus only Genus Phalansterium 


Family 7. Gryptobiidm. 

Without skeletal bars Genus Cryptobia 

With skeletal bars Genus Trypanophia 

Family 8. Amphimonadicto. 

1 Individual without tubes, tests, or jelly. . . 2 
Individuals in tubes, tests or jelly 4 

2. Cells without keels or ridges 3 

Cells with lateral keels Genus Streptomonas 

3. Cells ovoidal, spindle-shape or spherical 

Genus Amphimonaa 

Cells horse-shoe-shape or spiral 5 

4. Cells in stalked test Genus Diplomita 

Cells in gelatinous masses or in tubes 6 

5. Cells horse-shoe-shape Genus PurciUa 

Cells spirally twisted Genus Spiromonas 

6. Cells in gelatinous masses Genus Spongomonaa 

Cells in gelatinous tubes 7 

7. Tubes not united laterally Genus Cladomonas 

Tubes fused lengthwise (organ-pipe forms) 

Genus Rhipidodendron 

Family 9. Monadidss. 

1. Individuals solitary 2 

Individuals colonial 5 

2. Without tests. 3 

With tests Genus Stokeaiella 

3. Surface smooth 4 

Surface covered with slime and radial 

threads Genus Phyaamonas 

4. Both flagella active Genus Monas 

Primary flagellum rigid Genus Sterromonas 

5. Individuals with test Genus Stylobryon 

Individuals without test 6 


6. Cells solitary at ends of branched stalks 

Genus Dendromonas 

Cells colonial at ends of branched stalks. . 7 

7. Stalks colorless, rigid Genus Cephalothamnium 

Stalks yellow or brown; plastic Genus AnOiaphyaa 

Family 10. Bodonidfls. 

1. Two unequal swimming flagella. . . .Genus Dinomonaa 

One swimming flagellum 2 

2. One swimming, . one trailing, or feeding, 

fl^ellum 3 

Main flagellum replaced by movable pro- 
boscis ^ .Genus Rhynchomonas 

3. Parasitic; parabasal body present. . .Genus Prowazekella 

Parabasal body absent — 4 
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4. Intestinal parasites 5 

Free-living forms. . . .• 6 

5. With large cytostomc : Genus Emhadonionas 

No cytostome; with “blastocystis” stage 

Genus Schizohodo 

6. With deep, gullet-likc mouth Genus Phyllomitm 

. Without gullet-like mouth 7 

7. Broad ventral furrow with rolled edges 

Genus Colponema 

Without ventral furrow 8 

8. Trailing flagellum from anterior end Genus Bodo (Prowazekia) 
Trailing flagellum from center; feeding 

dorsal. . Genus Pleuromonas 

Posterior flagellum leaves l)ody from end 

Genus Cercommms 

Order III. POLYMASTIQIDA. 

With one cytostome and one kinetic complex 

Tribe 1. Monozoa 

With two cytostomes and kinetic elements 

(distomata) Tribe 2. Diplozoa 

^ Compound individuals (possibly permanent 

somatellce) Tribe 3. Polyzoa 

Tribe L Monozoa 

Without cytostome, undulating membrane, or 
axostyle *.• Group 1 

Without cytostome, without undulating mem- 
brane, with axostyle Group 2 

With cytostome; with undulating membrane; 
without axostyle Group 3 

With cytostome, with undulating membrane, 
with axostyle Group 4 

With cytostome, without undulating mem- 
brane, with axostyle Group 6 

Group 1 

1. With one trailing, and two anterior flagella 2 
With more than two anterior flagella 3 

2* Trailing flagellum leaves body at posterior 

end Genus Enteromonas 

Trailing flagellum leaves body lialf way 
down Genus Diplocercomonm 

3. With three anterior flagella Genus Tricercomonas 

With more than three anterior flagella. ... 4 

4. With four anterior flagella 5 

With six anterior flagella, no trailing flagel- 
lum Genus Streblomastix 

5. Four equal anterior flagella directed for- 

ward 6 

Two equal flagella directed anteriorly, two 
posteriorly Genus Monocercomonas 

6. Usually free-living, body ellipsoidal or 

truncated Genus Tetramiius 

Coprozoic, body pyramidal or triangular 

Genus Copromastix 
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Group 2 

1. Axostyle vibrates in endoplasm; four to 

eight posterior flagella 2 

Axostyle rigid; three anterior, one trailing 

flagellum.. ..3 

Axostyle rigid, protruding; four anterior 
flagella Genua Trichomastix 

2. Axostyle attached at posterior end . . Genus Pyrsonympha 
Axostyle free at posterior region . . . Genus Dinenympha 

3. Axostyle does not project; flagella central, 

apical Genus Devescovina 

Axostyle projects; flagella apical, not 
central Genus Foaina 

Group 3 

With throe anterior flagella all equal . . Genus Chilommtix 

With four equal, anterior flagella Genus Tetrachilomastix 

Group 4 

1. Undulating membrane in cytostomc; three 

anterior flagella Genus Cyathomastix 

Undulating membrane on body margin ... 2 

2. Two free, anterior flagella Genus Ditrichomonas 

More than two anterior free flagella 3 

3. Throe free, anterior flagella Genus Tritrichomonns 

More than three anterior flagella 4 

4. Four free, anterior flagella Genus Trichomonas 

Five free, anterior flagella Genus Pentalrichomonas 

Group 6 

1. With trailing flagellum Genus Eutrichomastix 

Without trailing flagellum 2 

2. With three anterior flagella Genus Protrichomonas 

With more than three anterior flagella 3 

3. With four anterior flagella Genus Polymastix 

With six anterior flagella Genus Hexamastix 

Tribe II. Diplozoa. With two moutlis and sets of kinetic elements. 


1. Cytostomes united to form one Genus Giardia 

Cytostomes separated 2 

2. Trailing flagella absent 3 

Trailing flageUa present 5 

3. Four flagella Genus Gyromonas 

More than four flagella 4 

4. Six flagella Genus Tiigonomonas 

Eight flagella Genus Trepomonas 

5. Food taken only at posterior end 6 

Food taking general; no mouth Genus Octomitus 


6. Posterior end with two lateral mouth 


grooves Genus Trigonomonas 

Posterior end with bilabiate,, movable 

snout] Genus Urophagus 

Tribe III. Polyzoa. Multiple nuclei and kinetic elements (polymasti- 
gonts) 

1. Nuclei symmetrically placed, each with 

kinetic complex 2 

Nuclei less numerous than kinetic com- 
plexes Genus Cdlmympfui 

2. Nuclei in a single stratum Genus Stephanonympha 

Nuclei in two strata; huge axial strand 

Genus Diplonympha 
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Order IV. HTPERMASTIGIDA. 

1. Organisms with plications or folds; seg- 

mented appearance . Family 6. TERETONYMPHiDiE 

Organisms without plications or folds 2 

2. Flagella placed in spiral rows. . .Family 5. HoLOMASTicoriDiE 

Flagella not in spiral rows 3 

3. Flagella in one or more bundles or tufts ... 4 

Flagella not in bundles Family 4. Trichon YMPHiDiE 

4. One anterior bundle or tuft of flagella 5 

Four anterior bundles of flagella . Family 3. Stauhojcenidaji 

5. Flagella directed anteriorly; parabasal in 

calyx Family 1. Lophomonadid.e 

Some flagella directed posteriorly; para- 
basal not in calyx Family 2. JcENiDiK 

Family 1. LophomonadidsB. 

With from five to fifteen flagella Genus Euhphmnonas 

With more than fifteen flagella Genus Lophomonas 

Family 2. JcBnidsd. 

1. Without trailing flagellum 2 

With one trailing flagellum ........ Genus Pnmjmnia 

2. Parabasal body ^'feathered*' 3 

Parabasal not feathered 4 

• 3. Without anterior ridges and striations .... 5 

With anterior ridges and striations . Genus Jwnopsh 

4. Parabasal a simple curved rod on left of 

nucleus Genus J wnina 

Parabasal a lobed collar below nuclear 
basket Genus Jcenia 

5. Anterior end of body flat and dense. Genus Micro jmnia 
Anterior end curved; without dense plate 

Genus MeHojirnia 

Family 3. StaurojosnidsB. 

One genus with characters of the family 

Genus Staurojemia 

Family 4. TrichonymphidfiB. 

1. Flagella arranged in two or more zones. . . 2 

Flagella in one, anterior, zone 3 

2. Flagella in three zones Genus Trichonympha 

Flagella in two zones Genus Psevdoirichmiywpha 

3. Flagella as long as or longer than body 

Genus LeidyoncUa 

Flagella relatively short {Gymnonymphxi 

Dobell?) Genus Lddyopsh 

Family 5. HdomastigotidflB. 

1. Spiral rows of flagella extend from end to 

end • 2 

Spiral rows do not extend to ix)sterior end 

Genus M icrospirotrichonympha 

2. Spiral rows of flagella few in number 3 

Spiral rows numerous and close set 4 

3. Nucleus embedded in dense anterior mass 

Genus Ilolomasligotes 

Nucleus not in dense anterior mass. Genus Spiroirichonympha 

4. No spiral ridges; flagella increase in length 

posteriorly Genus Spirotrichonymphelln 

Many spiral ridges; flagella equal in length 

Genus Hohmastigotoidea 
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Family 6. TeretanyiDphidaB. 

One genus wiHi dieters of the family 

Oenus Teretonympha 
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CHAPTER VII. 


SPECIAL MORPHOLOGY AND TAXONOMY OF THE 
SARCODINA. 

The term Sarcodina was introduced by Biitschli in honor of 
Dujardin whose studies on the protoplasm of the Foraminifera led 
him to believe that the living substance of these forms is simpler 
than that of other living things and justifying his name for it— 
sarcode. The peculiarity upon which Dujardin based his con- 
clusion constitutes the essential difference between these types and 
other groups of the Protozoa. A definite cell membrane is usually 
absent and the body protoplasm in general is more fluid and more 
tenuous than in other types. In the absence of confining mem- 
branes and with the play of internal forces, the contour of the body 
is inconstant or constantly changing a phenomenon expressed by 
the term amoeboid movement. 

The great majority of Sarcodina are suspended or floating forms 
(Heliozoa, Radiolaria) and the ground, type is homaxonic or spher- 
ical, but creeping forms are characteristically flattened, while minor 
variations of the spherical form lead to the greatest variety of radial 
ellipsoidal and cylindrical types. 

Unlike organisms in the three other great groups of Protozoa 
the cortex of the Sarcodina rarely shows much structural differ- 
entiation. In the majority of cases it is soft and highly vesicular 
but shows a marked tendency to form an outer or inner lifeless 
mantle of chitin. Such lifeless mantles or membranes may be 
tightly fitting or may be in the nature of tests or houses. They 
may be of pure chitin as in Cochliopodium, Gnmia, etc., or, more 
frequehtly, of chitin impregnated with iron oxides, or still more 
frequently may serve as a substratum on which foreign particles 
or plates and scales manufactured by the organism, are cemented 
as in the majority of testate rhizopods. Or between lamellee of 
chitin precipitation of calcium carbonate leads to the formation of 
the limestone shells of the Foraminifera. Skeletons of silica or 
strontium sulphate of varied patterns and often of exquisite design 
are characteristic of the Radiolaria, while spicules, rods and plates 
of silica are widely distributed amongst Heliozoa and Radiolaria. 

While many of the Sarcodina are typically uninucleate it may be 
safely stated that this is exceptional in the group as a whole for the 
vast majority of Mycetozoa, Foraminifera and Radiolaria are 
multinucleate. Nuclear dimorphism, however, does not occur and 
the multinucleate condition is brought about by fusion of cells to 
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form plasmodia as in the Mycetozoa, or by repeated division of 
nuclei without accompanying division of the cell as in the Foramin- 
ifera and Radiolaria. 

Contractile vacuoles are typical of fresh-water forms and their 
absence is equally typical of salt water and parasitic forms of 
Sarcodina. When present they are invariably simple and burst 
directly to the outside without reservoirs, canals or permanent 
pores, and they furnish the best evidence for the view that contrac- 
tile vacuoles are primarily regulatory in a physical sense, rather 
than excretory, in function. 

The most characteristic feature of the Sarcodina as a group is the 
ability of the individual cell to throw out protoplasmic processes 
called pseudopodia. It was this ability which led Dujardin in 
1841 to distinguish these types as hs rhizopodea from lea flagellSea 
and lea cUiSea. 

Pseudopodia, however, cannot be described by any one definition. 
The most casual student of the Protozoa will not fail to recognize a 
difference between the pseudopodia of Amoeba proteua and those of 
an Arcella or Difflugia, while the difference is even more marhed 
between these types and the pseudopodia of any foraminiferon, or 
between these and any heliozoon. These differences are so pro- 
nounced that modem students of the Sarcodina beginning with 
Lang have <listinguished no less than four types of pseudopodia 
under the names of axopodia, myxopodia, filopodia and lobopodia, 
and there is some evidence that these four types and in the order 
given, represent adaptations of a degenerative nature from an ances- 
tral flagellum-like type of motile organ. 

Axopodia arc homologous with the flagellum of Mastigophora 
(p. 140). An axial filament extends from the endoplasm to the 
tip of the pseudopodium. Like the axial filament of a flagellum it 
is derived from a kinetic element in the endoplasm and as in the 
hypermastigote flagellates the axial filaments in many forms form 
the astral rays of an amphiaster at division. In place of the peri- 
plastic sheath of the flagellum an axopodium has an investing sheath 
of ectoplasm in which the protoplasmic granules may l)e seen 
streaming back and forth. Many are elastic or mildly vibratile 
and undoubtedly belong in the category of motile organs since 
movement of the organism is dependent upon their activity. 

Myxopodia are ' so called because of the tendency to fuse or 
anastomose when two come in contact. The investing sheath of 
protoplasm is highly miscible and upon fusion of many pseudopodia 
a mesh or network, peculiarly characteristic of the Foraminifera, is 
formed. In this type the axial filament of the axopodia is absent; 
in its place there is a medullary core of denser substance termed 
stereoplasmatic axis by Doflein, and interpreted by some as a 
reminiscence of an earlier axial filament. 
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Filopodia are homogeneous hyaline pseudopodia possessing in 
many cases a remarkable elasticity and power of independent move- 
ment. It is possible that these pseudopodia do not represent the 
clear ectoplasm of the Amoeba type of pseudopodium, but possibly 
are homologous with the stereoplasmatic part of a myxopodium, 
or the highly modified representative of an axial filament. 

Lobopodia finally cannot be interpreted properly as motile organs. 
They are characterized by nothing that can be homologized with 
structural parts of other types of pseudopodia. They are depen- 
dent upon the physical condition of the protoplasm from which 
they are formed and are present in any type of cell and in any type 
of animal in which such physical conditions prevail. They are by 
no means limited to the rhizopods amongst Protozoa but as shown 
in the last chapter, are characteristic of many types of flagellates 
as well, and they are formed by one type of cell or another in the 
majority of higher animals. 

It is possible of course that the path of evolution has been exactly 
the reverse of that outlined above and that progressive evolution 
has resulted in the gradual differentiation of the more complex 
types of pseudoi)odia until with Heliozoa we have a prototyi)e of 
the . Mastigophora. Such an hypothesis makes it more difficult, 
however, to account for such forms as the Bistadiida^ or the flagel- 
lated phases of different types of Sarcodina. 

All t 5 T)es of reproduction are represented ; simple division, budding 
division, unequal division and multiple division (p. 208) and the 
life histories of different types are so variable that a common or 
generalized account would be inadequate. In general it is legiti- 
mate to say that a two-phase, metagenetic, life history is charac- 
teristic although certainly not universal. St‘xual processes are more 
widely distributed throughout the sub-phylum than they are in 
the Mastigophora but here again, these cannot be described as 
any coujmon type. 

Encystment or resting stages are well known in fresh-water forms 
of Sarcodina but are absent, or have not been described in connec- 
tion with representatives of the two great groups of marine forms - 
the Foraminifera and Radiolaria. 

Classification of the Sarcodina is fairly well established although 
minor differences depending upon the individual judgment of rela- 
tionship in special cases will be found. Division into main groups 
is made on the basis of pseudopodia types while minor groups are 
based upon special structural or functional peculiarities. Thus one 
great group is characterized by the possession of ray-like pseudo- 
podia with axial filaments and is given Here the taxonomic value of 
Class I, the Actinopoda, and these show the nearest approach to the 
Holomastigidse amongst the flagellates. A second group— Class II 
—includes forms with myxopcMlia, filopodia and lobopodia and is 
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well termed, in recognition of Dujardin, the Rhizopoda. Possible 
ancestral types for this group may be found in the Rhizomastigidse 
and the Order Chrysomonadida, amongst the Mastigophora. 

Class I. ACTINOPODA, Calkins. 

These are usually homaxonic or spherical forms living for the 
most part as suspended or floating organisms. Pseudopodia are 
typically axopodia but lobose pseudopodia may also be formed, 
mainly as food-taking organs. The protoplasm is highly alveolar, 
becoming, in the ectoplasm particularly, vesicular or pseudo- 
alveolar. A highly differentiated cortex is absent as well as the 
denser cortical protoplasm which characterizes the Amcebidee. In 
fresh-water forms (Heliozoa) one or more contractile vacuoles are 
present in the vesicular ectoplasm. In the Radiolaria, ectoplasm 
and endoplasm are sharply separated by a continuous chitinous 
membrane— the central capsule— within which lie one or many 
nuclei, while the extracapsular protoplasm is differentiated into 
zones of more or less specialized ectoplasm. . 

While several types are naked, the great majority of Actinopoda 
are provided with spicules, plates, spines or skeletons often of 
elaborate design and exquisite delicacy. For the most part these 
spicules and skeletons are composed of silica but in one large group 
of Radiolaria, the Acantharia, they are horn-like and composed of 
strontium sulphate. According to Dreyer spicules and skeletons 
depend upon the vesicular configuration of the protoplasm and upon 
the quantity of mineral matter precipitated between the alveoli 
(Fig. 11, p. 33). 

In Heliozoa a .single vesicular nucleus is the rule but there m^y 
be from 200 to 300 in Actinosphcerium eichhomii and several nuclei 
in CampUmema nuians, A multiple number is also characteristic 
of the Radiolaria, or a single nucleus may become enormously 
enlarged. 

Nutrition is invariably holozoic, living organisms being captured 
through the agency of lobose pseudopodia (Fig. 88, p. 179). Few 
observations have been made, however, upon digestive processes or 
final history of the food (see Chapter IV). 

Reproduction occurs by division either binary fission or unequal 
division in the form of budding. Multiple division is frequent in 
Radiolaria where the endoplasm gives rise to a multiple number of 
flagellated .swarmers which may be of similar or dissimilar size 
(isospores and anisospores). In some cases both kinds are formed 
within the same central capsule. Whether these are gametes is a. 
matter, which, while probable, has not been satisfactorily proved. 

The Actinopoda are divided into two fairly well-defined sub-classes 
—the Heliozoa of .Haeckel, and the Radiolaria of Joh. Muller. 
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Sub-class I. HEUOZOA, Haeckel. 

Heliozoa are typically fresh-water forms although several species 
of marine forms are known. They are homaxial and floating in 
habitat for the most part but stalked and attached forms are occa- 
sionally met with (Wagnefella borealis, Clathrulina elegans, etc.). 
They are either naked (Aphrothoraca) or covered by a gelatinous 
mantle without spicules (Chlamydophora), or with spicules (Chal- 
arothoraca) or provided with a definite latticed shell (Desmo- 
thoraca). 

Pseudopodia are typically radial with central axial filaments which 
penetrate the endoplasm. Here they end, or rather begin, either 
in a nucleus {Adinophrys, Camptonema nutans, etc.), or in a central 
kinetic granule called the Centralkom by Grenacher (1869) {Acan- 
thocystis, Sphcerastrum, Wagnerella, etc.). In such cases the nucleus 
is excentric. In Camptonema nutans a single axial filament arises 
from each of the many nuclei and there are as many pscudopodia 
as there are nuclei (Fig. 143). In WagnereUa borealis the nucleus 
is Ip the basal plate, while the central granule, with radiating axial 
filaments, is in an enlargement at the other end of the stalk. 

The body protoplasm is alveolar and characterized by two zones 
which in some cases are clearly differentiated as ectoplasm and 
endoplasm (e. g., Adinosphcerium) but in most genera they are 
rather indefinite. The ectoplasm is made up of relatively large 
pseudo-alveoli in Adinophrys and Adinospharium and is very dif- 
ferent from the dense ectoplasm of Amoeba, The endoplasm is 
more finely granular and contains one or more nuclei (up to two 
hundred or more in Adinosphcerium). Symbiotic forms are not 
infrequent in the endoplasm and are regarded as nflagellate forms of 
Phytomastigoda. 

Contractile vacuoles are present in fresh-water species but are 
generally absent in salt-water forms. They are developed in the 
cortex and resemble slightly enlarged ectoplasmic vesicles bursting 
to the outside. 

Nutrition is holozoic, minute lobose pseudopodia being protruded 
which capture and draw in minute organisms as f(Mxl. In Campto- 
tiema, however, the axopodia arc able to bend and .several of them 
may be directed toward the capture of living prey (Fig. 143). 

Reproduction is ordinarily by binary fission or by budding, while 
incomplete division frequently leads to colony formation as in 
Kaphidiophrys. Sexual processes have been describetl for only a 
few forms (Adinophrys, Adinosphcerium) (see Chapter XI) while 
flagellated swarm spores which may turn out to be gametes, are 
known for Acanthocystis, Clathrulina and Wagnerella. 

If doubtful forms resembling Heliozoa, but without axial filaments 
(e. g., Nuclearia, Vampyrella, etc.) are transferred. to the Sarcodina 
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with which they have most affinities, then the classification of the 
Heliozoa is simple. The division into orders following Hertwig and 
Lesser (1874) is based upon the absence or the nature of the skeleton 
elements. 



A 


Fia. 143 .— Cdmptowcwa nutam with nuclei partly embedded in the substance of 
the axial filaments (^ 4 , B,). C\ Section of Actinophrys sol with axial filainents arising 
from intranuclear granules in recently divided nuclei. (After Schaudinn.) 

Order 1. Aphrothoraea, Hertwig and Lesser.— Body naked and 
without gelatinous mantle or spicules. Typical genera: AcHrw- 
yhrya, Adirwaj^hcBnnmy Myxastrum, AcHnoUrphvs, Cavipfonema. 

Order 2. C^amydo^ora, Hertwig and Lesser.— Body with a 
soft gelatinous or felted fibrous covering. Typical genera: Hetero- 
phrys, Spkwradrum, Wagnerella. 
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Order 3. Chalarothoraea, Hertwig and I.«sser.— Body with a gel- 
atinous mantle containing spicules of silica or with a close-fitting 
skeleton of spicules, spines or plates. Typical genera: Ponipho- 
lyxophrys, Raphidiophrys, Pinacocystis, Lithicolla, Acanthocyslia, 
Diplocystis (Fig. 144). 

Order 4. Desmothoraca, Hertwig and Lesser— Bo<ly with skeleton 
shell of one piece perforatetl by numerous openings. Genus: 
Clathmlina. 



A D 


Fig. 144.— Types of spicules in Hcliozoa, A, Haphidiophrys pallida with curved 
silicious spicules ; li, Finaciophora ruhiconda with tangential plates and forked spines ; 
( 7 , Acanthovyalis tur/acea, with separated plates and forked spines; I), Pinadophora 
fluviatilis. • (From Calkins after Penard.) 

Sub-class IT. RADIOLARIA, Haeckel. 

Broadly stated the lladiolaria are pelagic organisms of the same 
general type as the Heliozoa but offer many variations from the 
homaxonic symmetry of the latter. They are exclusively salt- 
water forms, surface dwelling for the most part, but may be found 
at great depths of the sea. Pseudo-alveoli are greatly elaborated 
and form foam-like spheres with radiating axopodia or with soft 
protoplasmic pseudopodia-Iike myxopodia, while complex skeletal 
elements of silica or strontium sulphate afford the greatest variety 
of structures and designs. 

A typical radiolarian may be conceived by imagining a resistant 
21 
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membrane of organic substance, presumably chitin or pseudo- 
chitin, between the zones of ectoplasm and endoplasm of a heliozoon 
like Actinosyhcennvi. Such a membrane is present in Radiolaria 
and is called the '^c.entral capsule.” It separates the intracapsular 
protoplasin (endoplasm) from the extracjapsular i)rotoplasm (ecto- 
plasm). Minute openings, the pylea, through which comintinica- 
tioii between the two main zones of protoplasm is possible, are 
uniformly distributed, or arranged in lines and patterns, or limited 
in number at definite polar positions. These serve as a basis of 
classification for the main subdivisions of the group according to 
the scheme early adopted by Hertwig. 

The intracapsular protoplasm contains nucrlei, fat particles and 
plastids of one kind or another, and as Verworn showed, it can live 
independently of the ectoplasm for a time but ultimately regenerates 
it. The outer or cxtracapsular plasm is composed of four parts 
according to Haeckel. The outermost part is a zone of pseudo- 
podia w'hich originate, however, in the more deeply lying fourth 
zone and then extend through the gelatinous ectoplasm to the per- 
iphery. A second zone— sarcodictyum— is in the form of a mesh- 
work which extends through the third zone of gcLatinoiis material 
termed the calymma which forms the greater bulk of the ecto- 
plasm. A fourth and most important zone, the sarcomatrix lies 
close against the central capsule and is the go-between for the intra- 
and cxtracapsular portions. The sarcomatrix is also the seat of 
digestion and assimilation, the food coming to it by way of the 
pseudopodia and the network of the sarcodictyum. 

As the means of communication between tlie central protoplasm 
and the sarcomatrix is of vital importance to the organism, the 
arrangement of the apertures in the central capsule offers a good 
character for the classification of the Radiolaria. Hertwig (1879) 
who first used this feature, divide<l the group into four legions as 
follows: (1) Peripylea in which the membrane of the ca^psule is 
perforated by pores arranged regularly around the entire surface; 
(2) Actipylea, in w'hich the pores arc arranged in groups or lines 
over the surface; (3) Monopylea, in which there is only one such 
group of pores. In these forms the perforated disc is connected 
with the center of the central capsule by a conical mass of endoplasm, 
the podoconus, rich in food particles and granules (Fig. 151 p. 343) ; 
(4) Cannopylea, in which the membrane around the pores is drawn 
out into funnel-like projections termed astropyles of which one is 
the primary, the other two secondary. In these forms furthermore, 
the central capsule is double. Haeckel found that certain types of 
skeleton are characteristic of the different types of membrane per- 
foration and gave corresponding names to the foilr legions of 
Hertwig, mz.: (1) Spumellaria, or practically naked forms; (2) 
Acantharia, with spicules and bars supposed to be of horn or acan- 
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thin, but later shown by Biitschli to be composed of strontium 
sulphate; (3) NasseUaria, with skeletons and spicules of silica; and 
(4) Phoeodaria from the presence of a pigmented mass or pheeodium, 
around the opening of the primary astropyle (see Key, p. 343 for 
classification). 

Class II. BHIZOPODA, von Siebold. 

With the Rhizopoda we find many more types of structure than 
are found in the Actinopoda. Myxopodia, filopodia and lobopodia 
are characteristic but are rarely combined in the same individual. 
The protoplasm is generally alveolar and may or may not be differ- 
entiated into distinct ectoplasm and endoplasm but in general shows 
less differentiation than in ciliates or flagellates or even in Actino- 
poda. Protoplasmic inclusions, of the nature of metaplastids, are 
highly varied while definite plastids are rare. A single chloroplastid 
in the form of a blue-green chromatophore is present in the testate 
rhizopod Paulinella but these are not known elsewhere in the group. 
Metaplastids such as “chromatoid bodies” are characteristic of the 
parasitic amcebie (Endamcebidie), while fat and glycogen-like bodies 
are widely distributed. These are particularly abundant in the 
fresh-water species Pelomyxa palvatris, Greeff, the highly refringent 
bodies “ Glanzkorper” found here in abundance are interpreted by 
Stolf and Bott as glycogen-like in composition, by Veley (1905) as 
albuminous, and by Goldschmidt (1904) as the plastin remains of 
nuclei which have broken down with the formation of chromidia. 
The function of these inclusions and of the accompanying bacteria- 
like organisms (Cladothrix pelomyxa, Veley) is still a matter of 
h,\T)othesis. ■ C'hromidia, or cytoplasmic chromatin granules, are 
characteristic and may be permanent constituents of the cytoplasm 
or periodic (see p. 48). 

Living membranes equivalent to the cortical membranes of 
flagellates, ciliates and gregarines are rarely found here. Transi- 
tions toward the chitinous and pseudochitinous tests are present in 
some forms (e. g., Cwhliojjodium hilimbosvm) while the great 
majority of Rbizopoda have tests of pseudochitin on which mineral 
substances of quartz, silica, or other types, are cemented. In 
Foraminifera, calcium carbonate is precipitated between two such 
membranes of cbitin, resulting in the highly complex and multiform 
shells of lime stone. 

Contractile vacuoles are present in fresh-water forms but are 
generally absent in marine types. They never have the complex 
canal system such as found in some flagellates and ciliates and are 
rarely, fixed in position. Gas vacuoles are present in some of the 
testate fresh-water forms (Arcella). 

The majority of Rhizopoda are multinucleate both in fresh water 
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and marine species the multiple number due mainly, to repeated 
nuclear division aided, in Mycetbzoa, by plasmodium formation 
through fusion. The structure of nuclei is too varied for a general 
description but the vesicular, endosome type predominates (see 
p. 67). 

Nutrition is holozoic and some progress has been made in working 
out processes of digestion, digestive ferments, etc.( see Chapter IV). 
Living organisms are captured by pseudopodia or entrapped in the 
protoplasmic network where' they are digested. Cyclosis is invar- 
iable and the various protoplasmic granules, digested food sub- 
stances, etc., are thoroughly mixed. 

Reproduction occurs in a variety of ways by division which may 
be either equal or binary division, budding division, unequal division 
or budding, and multiple division or sporulationi ^-called budding 
division is the most characteristic and is a form of division appar- 
ently limited to the Rhizopoda (see p. 217). 

Sexual processes are well developed, microgametes being formed 
in the majority of cases, which will be reviewed in connection with 
the several classes. 

The classification adopted is an extension of that used by Minchin 
and includes as primitive forms those questionable Heliozoa-like 
types which many authors (c. </., Doflein) include with the Heliozoa. 

Class Rhizopoda. 

Sub-class 1. Proteomyxa. 

Naked forms with reticulose or filose pseudopodia. 

Sub-class 2. Mycetozoa. 

Terrestrial or semi-terrestrial forms characterized by pseudo- 
plasmodium or true plasmodium formation. 

Sub-class 3. Foraminifera. 

With typical myxopodia and calcareous shells often of 
complex design. 

Sub-class 4. Amcebtea. » 

Forms naked or with simple one-chambered shells; with 
lobopodia or filopodia. 

Sub-class I. PROTEOM1XA, Lankestek. 

There are but few common characteristics in this group of primi- 
tive forms, the most widely spread feature apparently is the usual 
occurrence of ray-like pseudopodia which recall the appearance of 
Heliozoa. These have no axial filaments however, and frequently 
branch or partially anastdmose. Flagellated swarm-spore stages are 
common but the life history is known in few cases. An approach 
to the Mycetozoa is seen in forms like Labyrinthula where the small 
spindle-shape cells bear long filose pseudopodia which fuse to form 
a net-like mesh. Most of them are parasites on lower algae and 
Protozoa. 
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Family 1. Labyrinfhulidn, Haeckel.— This family is composed of 
different species of the genus JMbyrinihvla which are intracellular 
parasites in diatoms, Vavcheria, Spitogyra, etc. They are always 
associated in groups or pseudoplasmodia and reproduce by division. 
Each individual may encyst to form a permanent spore-like resting 
stage. Flagellated spores are unknown. 

Family 2. ZoSsporidss, Zopf-Delage.— These forms are also 
endoparasitic in diatoms, algse, and various Protozoa, and have 
filose, Heliozoa-Iike pseudopodia without axial filaments. They are 



Fio. 146.— iNTucZeana delicaiulat quiescent and moving forms. (From Calkins.) 

distinguished by the formation of swarm spores. Protomonas 
amyli, Cienkowsky, apparently lives only on starch grains. Typical 
genera: Pseudospora, Cienkowsky, Protomonas, Cienkowsky, and 
Protomyxa, Haeckel. 

Family 3. Vampyrellida, Dofiein.— {lere also the pseudopodia 
are very delicate and frequently branch and anastomose and may 
proceed from all sides of the body or be limited in origin to certain 
regions. They are frequently parasitic on algse and Protozoa, some 
forms having the ability to dissolve the cellulose membranes of 
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plant cells thus making holes through which they enter the cells. 
Products of chlorophyll nutrition frequently form reddish-colored 
masses (karotin) in their protoplasm. Encystment, with cellulose 
cyst walls is common. Nuclei are multiple as a rule; reproduction 
by plasmotomy or by division into uninucleate amcete; flagellated 
swarmers unknown. Accepted genera: Nvdearia, Cienkowsky; 
Arachnula, Cienkowsky, and Vampyrella, Cienkowsky (Fig. 145). 

Sub-class II. M7CETOZOA, de Baky. 

The Mycetozoa were formerly regarded as low types of fungi and ’ 
under the name of Myxomycetes or “slime moulds” were included 
amonpt the lower plants. The investigations of de Bary, however, 
revealed the rhizopod affinities and the relationship with other 
Sarcodina is now clearly recognized. There is little doubt, how- 
ever, that Mycetozoa are borderline organisms and their semiterres- 
trial habitat leads to modifications and adaptations not met with 
elsewhere. Many of them are highly complex both as to organiza- 
tion and as to life history and by no stretch of the imagination can 
they be regarded as simple organisms. * 

A general idea of the essential characteristics of the Mycetozoa 
may be gained by following through a typical life history beginning 
with a recently germinated “spore.” This is a small uninucleate 
amoeboid organism known as a “myxamceba;” it is active, throwing 
out pseudopodia and moving energetically about the field. It has 
a contractile vacuole, and takes in solid food which is digested in a 
gastric vacuole, or it may live upon dissolved proteins from decom- 
posing organic matter. It may also reproduce by division while 
in this amoeboid condition. 

The naked amoeboid condition is usually temporary; sooner or 
later the “myxamoeba” turns into a “myxoflagellate” by the devel- 
opment of a flagellum. The contractile vacuole is retained and the 
body, usually ellipsoidal, is highly metabolic and may even give 
rise to pseudopodia, particularly at the posterior end where the 
pseudopodia aid in the ingestion of solid food in the form of bacteria, 
smqll Protozoa or bits of organic detritus; saprozoic nutrition, how- 
ever, is also common. Like the “myxamcebse” the “myxoflagel- 
lates” may reproduce by longitudinal division, in which case the 
centrioles of the mitotic figure become the basal bodies of the 
flagella. Myxoflagellates are apparently rather sensitive and show 
a ready tendency to encyst. Such ‘.‘microcysts” are temporary 
and the excysted organisfp again passes through myxamceba and 
myxoflagellate stages. 

According to later investigations of Jahn these myxoflagellates 
ultimately become gametes; the last division, prior to gamete 
formation is a chromosome reducing division, and the haploid 
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gametes fuse to form fliploid zygotes. In Pliysarum duly monies the 
gametes have 8, the zygotes 16 chromosomes. 

The zygotes thus formed are very miscil)le and fusion occurs when 
two or more come in contact. In this way, and by multiplication 
of the nuclei by mitosis, and growth, great raultinucleated plasmodia 
arise which may grow to be many inches in diameter and with 
thousands of nuclei. The former view, based on observations of 
Cienkowsky, that plasmodia are formed by fusion of myxam(i*bae, 
is now generally abandoned. All observers agree in describing the 
fascinating spectacle of these sheets of moving protoplasm, a phan- 
tasmagoria of living and lifeless granules, nuclei, foreign pairticles 
and pigment. The pseudopodia are myxopodia and by their anas- 
tomosis great networks of flowing protoplasm form traps for minute 
organisms utilized as food; some forms, in addition, may be saprozoic 
in nutrition. 

Under conditions which are not entirely known, but some of 
which are drought and scarcity of food, the entire mass goes into a 
resting condition. The fluid protoplasm hardens to form a thick 
walled ‘^s(?lerotium’’ which is frequently impregnated with calcium 
salts, The nuclei collect in groups and these become encystinl with 
cellulose walls. Such resting fonns may retain life for some years. 
Ultimately the hardened walls are liquefied and the plasmodium 
condition is regained, the process requiring hours or days according 
to the length of time in the dried state. 

With maturity of the plasmodium the gametes, or gametocytes, 
are formed by processes which are quite reniarkable for their intri- 
cacy and for the complexity of the specialized structun^s appearing 
only at the time of fructification. The whole plasmodium may form 
one ‘^sporangium,’' but more often the plasmodium breaks up into 
several “spore”-forming groups or “sporophores,” each from a local 
heaping of the substance of the plasmodium. Tart of such a thick- 
ening forms an outer investing wall termed the peridium which is 
often •further hardened by deposition of lime. Another jiortion 
becomes diffenaitiated into a thick network or feltwork, termed the 
capillitium which is continuous with the outer peridium (Fig. 146). 
This network is made up of tubes and fibers, some of the lat.ter, 
termed elaters, have a spiral structure and are supposed to function 
in the distribution of the spores. According to Kranzlin elaters 
arise from the kinetic components of degenerating nuclei. 

The formation of the spores varies in details but the essential 
part of the process is the fragmentation of the residual mass into 
uninucleate or multinucleatc bits of profjiplasm. If multinucleate 
further fragmentation results in uninucleate bi.ts, each of which 
encysts independently. According to the later observations of 
Jahn, the supposed fusion of nuclei leading to the uninucleate con- 
dition, and interpreted as autogamic fertilization by Prowazek, 
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Kranzlin and earlier, by himself, is only a phase in the degeneration 
of nuclei many of which are disposed of in this way at this period. 
Fertilization is exogamic, the gametes being the myxamoebse and 
myxoflagellates which ultimately emerge from the spores. 

Liberation- of the spores is accomplished in different ways. In 
some cases a lid is raised off the sporangium; in others the peridium 
dissolves in spots leaving a fenestrated capsule; in still others the 
capsule splits longitudinally. The dry, powdery spores are distrib- 
uted in various ways, air currents playing a conspicuous part, and 
they finally germinate in the presence of moisture. Myxamoebse 
and myxoflagellates are formed and the cycle is completed. 



Fia. 146.— Fruiting bodies of Comatricha nigra. A, five stalked spore capsules; 
B, section of capsule with columella, capillitium, and spores. (After MacBride.) 


Genera and species of Mycetozoa are distinguished according 
to the nature of the plasmodia and by the form and organization of 
the sporangia. 

We follow Doflein in the main grouping of the sub-class Myeetozoa 
but raise his sub-orders to the value of orders, as follows: 

Order I. Acraaida, van Tieghem.— In this group the fusion of 
amcebte is incomplete but the organisms come together as a gregaloid 
colony, which is termed here a pseudo-plasmodium. Myxamoebaj 
are present, but myxoflagellates are not formed. 

Order II. Phytamyrida, Schroter.— These are parasites in plants 
and in insects; true plasmodia are formed but peridia and capillitia 
are absent. Both myxamabse and myxoflagellates are character- 
istic. 

Order III. Euplasmodida, Lister.— Mycetozoa with myxamoebse 
and myxoflagellates and with true plasmodium formation by plasto- 
gamic fusion of amoebulsel The Order includes forms with the full 
life history as described above. 
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Obdeh I. ACBASIDA, van Tieoiiem. 
(Pseudoplasmodida; of Zopf-Delage) S<m>phora, Lister (in part) 

The individual ama'boid organisms after a period of creeping by 
active amoeboid movement come together in clusters to form the 



Fio. 147.- Dictyostelium, A, and Sapjnnia, li, C, D. (Aftor Dnflciii.) 


pseufloplasmcKlia, the am(ebae retaining their individuality. Indi- 
viduals ereep up over their fellows and form groups or sori which 
in some cases are stalked, the stalks being formed by the dried bodies 
of sacrificial amcBboB. The sori are formed by other amcrbte creeping 
over the stalk and accumulating in a mass at the top. Here each 
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encysts and when a suitable medium is assured the small amoebae 
again creep out, often, however, after a long period of desiccation. 
Their characteristic habitat is animal dung. 

While many competent authorities regard these organisms as 
remotely related, if at all, to the more complex Mycetozoa, we 
believe that their affinities are more probably here than with any 
other group of Protozoa. The three families recognized show 
different gradations in complexity. 

Family 1. Sappiniids, Dangeard.— The single genus and species 
—Sajrpina pedata, Dangeard— forming this Family differs from all 
other Mycetozoa in that not even a pseudoplasmodium is formed, 
a single amoeba going through all the motions of a plasmodium. 
Stalk and cyst are formed by one individual but the cysts are 
frequently massed in sporangium-like groups (Fig. 147). 

Family 2. OuttulinidsB, Cienkowsky.— These are small forms 
which bear stalked or unstalked fruiting bodies covered with 
“spores.” The latter have either thin membranes or heavy cellu- 
lose walls. The myxamoebse foregather in clumps on which the 
sori originate. Typical genera: OvUulina, Cienkowsky, Ovttvlin- 
opsia, Olive. * 

Family 3. DictyostelidsB, Ilostafinsk^\— Here the fruiting lM)dies 
are borne on simple or branched stalks formed by the hardened 
bodies of amoeba; which have migrated from the pseudoplasmodium 
mass. The polygonal bodies, covered with cellulose membranes, 
form a sort of tis.sue over which other amoebae migrate to form sori . 
at the top or at the ends of branches (Fig. 147). The myxamoeba; 
are characterized by thin, pointed pseudopodia. Typical genera: 
Dictyosleliam, Brefeldt, and Polyspondylivm, Brefeldt. 

Order II. PHTTOMTXIDA, Schroi'Er. 

(Phytomyxinae, Schroter). 

Probably as a result of parasitism peridia and capillitia arc absent 
in the representatives of this group. Otherwise they agree with the 
more complex Euplasmodida. They form true plasmodia and 
myxoflagellates, but there are no closed sporangia, nwalling in this 
respect the simpler Acrasida. They are para.sitic in plant cells and 
in insects (beetles). 

Plaamodiophora brassicce, Woronin, is the best known of this 
group largely because of its economic importance. It attacks the 
roots of cabbages and other Crucifete and produces a character- 
istic tumor disease known as “Club-root,” “Hanberries,” “Fingers 
and Toes,” “Kohlhernie,” etc. 

Minute flagellulse are formed from the cysts in an infected garden 
and these, in some way, penetrate the root cells of the plant and 
become nayxamoebse. The nuclei multiply and they grow in the cells 
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of the plant, different individuals fusing to form plasmodial masses 
which fill the cell. With exhaustion of the cell contents the process 
of reproduction begins and results in the formation of great masses 
of uninucleate “spores.” 

Other genera parasitic on plants are Tetramyxa, Goebel (forming 
galls on Ruppia rosteUata) and Sorosphcera, ^hrotcr (causing 
tumors in various species of Veronica). 

The genera Sporomyxa, L^ger, and Mycetosporidium, L6ger and 
Hesse, are parasites of beetles (Scavrus iriatis, and Otiorhynchvs 
nadpes). 

Order III. EUPLASMODIDA, Lister. 

(Mycetozoa s. str. Myxogasteres). 

This order includes the great majority of Mycetozoa and forms 
which in their life histories agree with the description given above 
(p. 326). Myxamoebffi and myxoflagellates are invariable, so too 
are true plasmodia and complex sporangia which with the exception 
of the family Ceratiomyxidse (Exosporea), are invariably surrounded 
b^ peridium. 

The “spores” are usually globular, rarely elliptical and are often 
compressed by pressure into polygonal forms. In the majority of 
cases they are violet in color but colorless, white, yellow, brown and 
red sporangia are known. In most cases the “spores” are uninu- 
cleate but forms with two, and with four nuclei are known. 

In some cases the simultaneously formed sporangia unite to form 
a common fruiting body in which the individual sporangia may still 
be distinguished in some types. In other types, however, this inde- 
pendence is lost and one common fruiting body results, with one 
continuous capillitium. Such fruiting bodies are called eethalia. See 
Key for further classification. 

. Sub-class III. FORAMINIFEBA, D’ORBir>m\ 
(Reticulosa, Thalamophora). 

This group of the rhizopods includes a large number of bottom 
dwelling, marine Sarcodina with ana.stomosing pseudopodia (myxo- 
podia). A few forms live in fresh water (AUognmia species), and 
some forms are pelagic in the sea {GUMgerina, etc.). The great 
majority are provided with shells or tests composed for the most 
part of calcium carbonate. In some, however, the shell is purely 
organic, consisting of substance of gelatinous or pseudochitinous 
character (AUogromia); or foreign particles of sand, diatom shells 
and detritus of one kind oi' another, may be cemented to the pseudo- 
chitinous test by gelatinous or chitinous cement. Such tests are 
usually described as arenaceous, in contrast with the clear lime shells 
or porcellanous types. The walls of the shells are either thick and 
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homogeneous or are perforated by minute pores (foramina) through 
which single pseudopodia are protruded. The cavity of the shells 
may be a single chamber, septa if present being incomplete (Mono- 
thalamous). Or a multitude of chambers may be present separated 
by partitions or septa (polythalamous). The latter may be compli- 
cated by secondary deposits of lime through which labyrinthine 
canals and passages give occasion for intricate designs (Fig. 148). 
The surfaces of the shells are usually smooth but in some forms par- 
ticularly the floating types of (IlMgerina, spines, ridges, rays, etc., 
probably a.ssist in floating. 

The living substance is usually so fluid that it is rarely quiet and 
protoplasmic streaming is so characteristic that the Foraminifera 



Fio. 148.— Polythalamous shell of Operculina (schematic). The shell is repre- 
sented as cut in different planes to shoW the distribution of the canals and the arrange- 
ment of septa and ehamlicrs. (After Carpenter.) 


hhve been favorite materials for the .study of protoplasm. It is not 
divided into zones, and the marine fonns have no vacuoles. There 
are numerous foreign bodies as a rule and aggregates of the residue 
associated with food substances, form masses of fecal material 
termed “stercome.” In many forms living commensals are also 
present in the form of small yellowish (’rj'ptomohas-like forms 
which are liberated with sporulation of the host organism (Chrysi- 
della). 

The living protoplasm fills more or less completely all chambers 
of the organism. In polythalamous forms protoplasmic strands 
passing through pores in the septa maintain all parts of the soft 
body as a unit mass. In monothalamous and from the last-formed 
chamber of polythalamous forms, a large mass of protoplasm gives 
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rise to the pseudopodial network which acts as a trap for the capture 
of diatoms, crustacea, rotifers and other smaller objects used as food. 
In the perforate types pseudopodia are also protruded through the 
finer pores (foramina) of the shell. 

One large vesicular nucleus is characteristic of both single and 
many-chambered types. In the latter the nucleus may he confined 
to. the first formed, or inner, chambers, although it may wander 
throughout the entire organism. In many cases it is replaced by 



Fio. 149.— DiaRram to show the mode of orifdn of the Nodosarinc type of Foramini- 

fera shell. 

several nuclei, and there is a general tendency throughout the group 
to form chromiflia by multiple division, or fragmentation of the 
primary nuclei. 

Reproduction may or may not be accompanied by fertilization 
phenomena and throughout the group there is a more or less regular 
alternation of sexual and asexual processes, accompanied in many 
cases, by morphological evidence of sexual or asexual generation. 
In its simplest case, asexual reproduction consists of so-called bud- 
ding division. In Allogroinia for example, the protoplasm streams 
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out of the shell mouth and fonns a ball of protoplasm of about the 
same size and shape as the parent organism; on the extruded bud 
a daught^ shell is secreted and after division of the nucleus and 
migration of one of the daughter nuclei, the bud becomes detached 
and begins an independent existence (Fig. 149). In the poly- 
thalamous forms, an initial shell of one chamber contains an organ- 
ism which grows and buds in a similar manner, but the bud does not 
become detached. According to the type of budding shell types 
known as Nodosarine, Frondicularian and Rotalian, are formed 
(Fig. 150). A new shell is deposited about the naked bud and thus 
a second chamber is added to the first, while the protoplasm by 
division of the nucleus, without complete cell division, becomes 
binucleated or multinucleated. In a similar manner other cham- 
bers are added to those already formed until complicated aggre- 



Fia. 150.— Type8 of polythalamous Foraminifera shells. A, Nodosarine type; B, 
frondicularian type; C, spiral type. (From Calkins after Carpenter.) 


gates measuring 3 or more inches in diameter in some casep, result 
(Nunimvlites, etc.). These, however, are to be regarded as single 
individuals of syncytial nature illustrating growth and differentia- 
tion rather than reproduction. With the formation of a brood of 
reproductive bodies each of which produces a similar multinucleated 
individual we can speak of asexual reproduction in a strict sense. 
Thus in PolysUmella crispa (Fig. 119, p. 239), after multiplication 
of the nuclei, the latter give rise by fragmentation to a lar^ munber 
of minute nuclei having the significance of chromidia. The plasm 
forms islands about each of these minute nuclei, or groups of them, 
and is then broken up into as many minute cells as there are islands. 
These small cells, in the form of amoebulee or amoebospores leave 
the parent shell by wuy'of the foramina or by the mouth opening of 
the last chamber and after a short period of amoeboid movement, 
settle down and secrete the characteristic- shell chamber. This 
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initial shell is measurably larger, than the initial chamber of the 
organism which formed the amoebiila; and is called a macrosphcric 
chamber as opposed to the microspheric chamber of the first genera- 
tion. A new multi-chambered shell is then formed according to 
the type of structure of the species. When fully grown the proto- 
plasm of this macrospheric generation breaks up into a swarm of 
small biflagellate flagellLspores which leave the parent shell and 
swim about by means of their flagella. These flagellates are 
gametes which ultimately unite two by two to form zygotes. The 
flagella are absorbed and the young zygotes secrete the shell material 
of the flrst chamber about which other chambers are formed with 
growth and budding division until the mature individual again 
results. Thus there is a typical alternation of ^nerations in the 
life history of a foraminiferon; the microspheric individual starting 
from a zygote, with its production of amoebula; is an asexual gener- 
tion while the macrospheric individual starting from an asexual 
spore, is the sexual generation giving rise to gametes. In Poly~ 
stomella the relative abundance of macro.spheric and microspheric 
shells is 38 to 40 of the former to 1 of the latter (Rhumbler, 1923). 

In classification, the form of the shell is usually given the first 
importance while the substance of which the shell is comp{)sed is 
secondary. There are so many types and. variations of type in the 
group that generalizations, useful for taxonomic purposes, are diffi- 
cult. Certain plans of structiwe representing modes from which 
variations appear, are evident however, llhumbler recognizes five 
of these main types as follows: 

1. The nodosaroid type: With chambers arranged one beliind the 
other in a straight or slight eurved line (Fig. 1.50). 

2. The spiral type: With chambers arranged in such a way that 
an imaginary line passed through the mouth openings of the suc- 
cessive chambers would be a spiral line. 

3. The cyclical type: With later formed ehambers arranged as 
circles about the initial chambers, the circular chambers being fur- 
ther subdivided into small secondary chambers. 

4. The azerval type: The earlier chambers arc arranged in a 
spiral but the later chambers are heaped in an irregular mass. 

5. The textularid type: The chambers are arranged in one or 
two linear rows. For classification see Key p. .3.53. 

SuB-CLA.ss IV. AM(EBiEA. 

When rhizopods are mentioned the mental picture in most cases 
is Amceha or some of its close relations amongst the Amcrbaia. It 
is not the largest group of rhizopods but some of the forms included 
.here are amongst the most common types of Protozoa, while their 
apparent simplicity and enigmatic movement have given them the 
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popular position of the lowest forms of animal life and the phrase 
“from Amoeba to man” is familiar to everyone. They are present 
in all stagnant fresh and brackish water; in damp moss or leaves; 
abundant in the superficial soil, and also abundant as commensals 
or parasites in all kinds of animals. 

In all of the naked forms there is a well-marked differentiation of 
the protoplasm into endoplasm and ectoplasm. The latter is more 
dense, the former more fluid and with typical cyclosis. In the 
shelled types there is frequently a characteristic zonal differentiation. 

Pseudopodia are never myxopodia or axopodia. Naked forms 
have blunt finger-form processes or lobopodia formed by an outflow 
of ectoplasm and endoplasm. Shelled forms in the majority of 
types, have pseudopodia composed apparently of ectoplasm, only. 
These have considerable power of movement apart from the usual . 
amoeboid type of flowing substance, and may sway or move inde- 
pendently with vigor. In the naked forms pseudopodia may be 
thrown out from any part of the cell, but in shelled types they are 
limited to the region adjacent to the orifice of the shell. In some 
cases, as in the genus Cochlwpodhim, there is a firm ectojJasm which 
has many of the features of a chitinous membrane. Pseudopodia 
pass through it by means of permanent apertures (Fig. 8, p. 30). 
and when the cell divides the membrane also divides. There are 
very few of such forms, however, the great majority of shelled forms 
having a definite chitinous membrane on which foreign particles 
are attached. In Arcellidse the membrane is clear chitin and in the 
Euglyphidae the outer elements of the shell are secreted before divi- 
sion and passed out to the daughter individual after the chitin 
membrane is laid down. The variety of shells is due to the different 
types of sand (Tystals, diatoms, detritus of various kinds and even 
living plants cells. 

The nucleus is vesicular and usually single although many types 
of both naked and shelled forms are biinicleated or multinucleated. 
The entire group is further characterized by the distribution in the 
cytoi)lasm, of granules of chromatin which originate from the 
nucleus. 

With the exception of the parasitic forms, and some of these are 
also included, the Ama?biea are holozoic in nutrition and proteo- 
lytic and amylolytic ferments have been isolated in some cases (see 
Chapter IV). 

Notwithstanding the abundance and the wide distribution of 
these forms of rhizopods there is very -little agreement on the part 
of different observers in regard to the life history. Few Protozoa 
have been more frequently seen and studied than Amceha proteus 
and yet nothing is known^ accurately about the life cycle. Binary 
division is characteristic of all the naked forms both free-living and 
parasitic, and encystment stages are known in all forms. So-called 
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budding division is typical of the testate forms and differs materially 
from binary fission (see p. 217). Acceptable accounts of sexual 
processes are limited to the Testacea in which there is a general 
resemblance to the type of gamete formation characteristic of the 
Foraminifera (see Chapter V). 

Parasitic forms of the Amoebidse are widely distributed throughout 
the animal kingdom. They are usually present in the digestive 
tract but may be ectoparasites as well. The great majority are of 
the nature of commensals and are harmless, some, however, are 
pathogenic as Amceha mucicola, Chatton, a harmful ectoparasite on 
the gills of Labridae, or Endamtsba dysenteries, Craigia hominis, and 
Councilmania lafleuri, Kofoid, causes of dysentery in man. 

The organisms included in the Amoebsea fall naturally in one of 
two groups which have been generally recognized as Amoebida 
(Gymnamoebida) and Testacea. Following the principle adopted 
in classifying the Mastigophora where amoeboid forms of animal 
flagellates are retained as Mastigophora only when the flagellum or 
flagella are permanent structures of the organism, we include as 
rhizopods those forms with pseudopodia and temporary flagella; 
flagella and pseudopodia being more or less interchangeable. These 
are included here in the family Bistadiidse of Doflein. 


Order 1. Amoobida (Oynmamoabida), Ehrenberg. 

Naked forms of amoebaea, either free-living or parasitic; with one 
or more nuclei; with contractile vacuole (except in some of the para- 
sitic forms); reproduction by binary fission, multiple division 
occasional . Encystmept widespread. 

We recognize four families in this order, viz.: Bistadiidae, Amqe- 
bidae, Endamcebida? and Paramoebidae. Separation of the parasitic 
forms of amoeba? from free-living forms is hardly justifiable in a 
natural” classification but is tolerated on grounds of expediency. 

Family 1. Bistadiidas, Doflein.— Organisms characterized by two 
interchangeable phases— amoeboid and flagellated. In the former 
phase the body is amoeboid with lobose pseudopodia. A single 
nucleus with endobasal body is present; the basal body of the 
flagellum is formed by division of the endobasal body (Wilson) 
and the flagellum grows out from the basal body. Transformation 
from the amoeboid to the flagellated condition involves loss of amoe- 
boid movement and change in form to a monaxonic ellipsoidal form. 
Absorption of the flagellum accompanies transformation again to 
the amoeboid condition. These changes are evidently induced by 
environmental conditions and, in cultural forms, may be brought 
.about at will. Genera with one, two, and three flagella in the 
flagellate phase are known. Reproduction by division limited to 
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the amoeboid phase, sexual processes unknown. The amoeboid 
phase is represented by small creeping amoebse which have been 
generally included as Awceba liviax, and known as “Umax” forms. 
These were separated from the genus Amteba by Chatton and 
Lalung-Bonnaire (1912) under the name Vahlkamyfia. The forms 
with a single flagellum in the flagellated stage are retained under the 
generic name Vahlkamyfia although it is by no means assured that 
all “Umax” amcrbse are thus dimorphic. Forms with two flagella 
are grouped in the genus NUgleria and forms with three flagella in 
the genus Trimastigamc^a, Whitmore. Parasitic forms, regarded 
by Craig (1906). as a cause of human dysentery and with a flagellated 
phase with one flagellum, are included in the genus Craigia. Genera 
recognized: Vaklkampfia, Ch. and L. B., type V. biMadialis 
Puschkarcw (Fig. 42, p. 86) ; N&ghna, Alex. ; type N. gmberi, and 
N. inmdata, Dangeard (Fig. 12, p. 34); Trimastigamaeba, Whitmore; 
type T. philipjnnenm^; Craigia, (’alks.; type C. hmnnis. 

Family 2. AmoebidsB (authors generally: em. Doflein, em. 
Calkins).— The u.sual types of free living amceba* are grouped in this 
family. Flagella, so far as known, are absent at all stages. Nuclei 
single, double, or multiple; contractile vacuole asually single, 
present generally in fresh-water forms. IteprcMluction by simple 
division in vegetative forms, by multiple division duritig quiescent 
pha.ses. ^’he great majority of fonns are a({uatie and developmental 
pha.ses of other tcqKw (/?. g., myeetozoa) may be easily mi.staken for 
ama’bte. Others are semi-terrestrial living in damp earth, moss, 
ete., where they play a part in keeping down bacteria of the .soil 
(.see Gocaley). Sexual processes in no case have bc^en .substantiatc^l, 
but a peculiar prcwc'ss of syngamy has been described by Nagler, 
Erdmann and others in the ease of Amceba diphidm (see p. 549). 
Genera: Amoeba, Ehrenberg; Pehmyxa, Greeff. 

Family 3. Endammbida.— These are parasitic ama’bte widely 
distributed throughout the animal kingdom and with character- 
istic vegetative pha.ses during which the organisms live as harmless 
commensals, or more rarely, as pathogenic parasites in the host, 
and with permanent cyst stages by which infection is carried by 
means of contaminative infec-tion. The genus generally recognized 
is represented by a vast number of species with ill-defined diagnostic 
characters (genus: Fndamceba) while other genera (e. g., Endolimaxf 
CouncUmania, etc.) are forms about which the taxonomic position is 
still in dispute. Nutrition- is either holozoic, saprozoic or heterozoic. 

Family 4. Paramabid®.— Forms- with single nucleus and pecu- 
liar cytoplasmic structure (Nebenkern) variously interpreted as a 
kinetic element, intracellular parasite, etc. Both free-living and 
parasitic species. Genus: Paramoeba. .-.r. 
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Order 2. Testacea. 

These forms are generally described as amoebse with shells; by 
some they are group^ as a subdivision of the Foraminifera (Doflein). 
The protoplasmic and test structure, as well as the pseudopodia are 
so different from Foraminifera that little is gained by this pro- 
cedure, while the association with naked forms has a long historical 
backing. They are almost exclusively fresh-water forms, although 
some species are represented in brackish water as well. Many 
species are semiterrestrial and abound in moss and similar damp 
places. The protoplasmic body differs from that of the Ainoebida* 
in having the ectoplasm concentrated at the region of the shell 
opening, while many forms show a distinct zonal differentiation of 
the protoplasm. Contractile vacuoles are always present. 

Nuclei are either single, double or multiple and are usually accom- 
panied by a zone of chromidia in the form of a dense reticulum 
from which, according to the observations of numerous observers, 
the nu(Jei of gametes are formed (Schaudinn, Zuelzer, Klpatiewsky, 
et aL). It is rather the fashion to doubt this interpretation on the 
ground that such nuclei are probably parasites, but we shall adhere 
to it until the critics have a more probable explanation of the 
nature of the chromidia (p. 48). 

Pseudopodia are filopodia which in a few instances, have the 
tendency to branch. They lack the medullary endoplasm of lobo- 
podia and have a considerable power of independent movement. 

The tests are simple, one-chambered structures of widely-varied 
form, frequently ornamented with spines and processes. The basis 
of all shells is a pseudochitinous membrane w^hich, in some forms 
is greatly thickened and constitutes the test; in other cases foreign 
particles are cemented to the outside of the chitinous membrane 
(Difflugia, Centropyxis, etc.), and in still other cases sili(fious plates 
are precipitated in the endoplasm in the vicinity of the nucleus, and 
deposited on the chitinous membrane in definite patterns character- 
istic of different genera (Euglyphu, Quadrula), 

Reproduction oexfurs by longitudinal binary division in forms with 
a soft chitinous membrane, where membranes divide with the soft 
body; in other cases it occurs by so-called “budding division” 
Avhereby the protoplasm swells out of the shell mouth to form a bud 
which assumes the size and shape of the parent (p. 217). Multiple 
division also occurs in some types; many nuclei are formed by 
division; these become the nuclei of small naked amcebee which 
after a short i)eriod of free movement and growth secrete the shell 
characteristic of the species. Fertilization processes have been 
described for several types {Centropyxw, Arcella, TrirhosphcBriuMf 
Difflugia, etc.), the gametes l)eing either ama^bulte or flagellulie. 
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A typical alternation of generations comparable with that of the 
Foraminifera was described by Schaudinn for the peculiar genus 
Trichosphcerium. Here asexual processes occur by irregular plasmic 
divisions (plasmotomy) and by multiple division resulting in a 
swarm of minute naked amoebse. These develop into an adult form 
of diflferent tj’pe which may likewise undergo plasmotomy leading 
to the formation of gamonts and gametes. The latter, upon fer- 
tilization, give rise to the initial type of organism. In this cycle, 
the original asexual generation differs from the later sexual genera- 
tion by the presence of a peculiar type of test consisting of radially- 
arranged spicules of magnesium carbonate. 

The forms included in this Order fall naturally into two families— 
Arcellida; and Euglyphidse (see key for genera). 

FamUy 1. Arcellidcs.— Tests transparent or opaque by reason 
of covering of foreign bodies picked up by the protoplasm and 
deposited on the outside where they are cemented to the chitinous 
membrane. 

Structure and materials of the shell afford a basis for further 
classiheation of the family. They are either pyriform or shaped 
like a watch glass; the membrane may be rigid or flexible and the 
aperture central or asymmetrically placed. 

Sub-family .drcc/KutP.— ITie tests are watch-glass shape, mem- 
branous or chitinous in character. A definite aperture is wanting 
in Pseudochlamys, the test resembling an inverted saucer over the 
organism. A central aperture is present in the other genera except 
in Centropyxis where it is asymmetrically placed. It occupies most 
of the ventral surface in Pyxidicula, but is relatively small in others 
and variously modified : (1) ArceUa with margin of the test inturned 
at the oral oixjning; (2) without the inturned collar in CapselUna; 
with a velum or distensible membrane al)out the aperture as in 
Microcorycta; (3) with ai)erture slit-like instead of circular, as in 
Parmulina. In one genus: Diplochlaviyn the membrane is double, 
the outer bearing foreign particles. 

Sub-family DiffluyiirnB.— Here the tests are pyriform, not com- 
pressed, and covered with foreign particles of diverse kinds. They 
may be arcelliform but asymmetrical and with an arcuate aperture 
as in Bulliniila; or spheroidal with a narrow slit-like mouth as in 
Playiopyxa; or even spiral, with a distinct neck as in Lesqtiereusia. 
The majority of tests are symmetrical, in some forms with a long 
neck as in CucurbUella; in others an internal diaphragm forms a 
neck-like constriction as P<mHgvlcma%. Large pyriform types with 
different kinds of foreign bodies, and opaque, are included in the 
genus Diffl/ugia, while smaller forms of similar shape, but somewhat 
compressed and transparent, are placed in the genus Cryptodiffliigia. 
Pwudopodia are generally of the filopodia type but in Difflugiella, 
both lobopodia and filopodia are present, while in PhryganeUa, the 



SPECIAL MORPHOLOGY AND TAXONOMY OF 8ARC0DINA 341 


pseudopodia are blunt at the base but provided with long sharp 
points. 

Sub-family Nebelinw.—IleTe the tests are transparent and dome- 
shaped except for lateral compression. They are homogeneous and 
transparent in Hyalosphenia but are covered with scales, plates, 
etc. in other genera. A definite thickening of the shell about the 
aperture is typical of Atverintzia. In Ileleopera the crown of the 
test has a few sand grains adherent, while in Nehela and Qmdrvla 
the test has an outer covering of scales which are quadrangular and 
arranged in oblique rows in Qvjadrula, and are circular, oval or 
irregular in Nehela, 

Sub-family Psevd(mehelin(B,--^^Te the test is usually flexible 
either in the region of the aperture only, as in Amphizonella, or 
throughout as in Zoiimnyxa (which is multinucleate) and Cochlw- 
podiuvi (uninucleate). In Leptochlamys only, is the test rigid, 
structureless, and transparent, and with a peculiar ball-like single 
pseudopodium. 

Family 2. EuglyphidsB.-^In members of this family the test is 
covered by silicious plates or scales and the pseudopodia are of a 
filose, branching type. The tests may be either symmetrical or 
asymmetrical. In the former group the aperture is terminal, cir- 
cular and provided with teeth in Euglypha formed from scales; 
or the edge of the aperture is smooth or slightly serrated in Spheno- 
deria. In asymmetrical forms the mouth is subterminal, and 
oblique in Cavipasetis. The test is retort-shape in Cyphoderia, 
Campasms and Nadinella. It is pyriform but much compressed in 
PUwocista (without toothed membrane) and Asmlina (with toothed 
membrane about the aperture). In Paulinella the test is Euglypha-- 
like but the cell body possesses a band-form blue-green chromato- 
phore. In Trichoepheermm , finally, there is no definite test but 
the body is enclosed in a gelatinous mantle with radial rods in the 
asexual generation and without these in the sexual generation. 

m. KET TO GENERA OF SARCODINA. 

Pseudopodia with axial filaments— axopodia 

Class 1 . Actinopoda 

Pseudopodia without axial filaments. Class 2. Ruizopoda 

Clash 1. ACTINOPODA, Calkins. 

Marine forms; with central capsule 

Sub-class 2. Radiolaria 

Mainly fresh water; no central capsule 

Sub-class 1. Heliozoa 

Sub-class 1 . HELIOZOA, Haeckel. 

Naked forms l no jelly mantle or skeleton 

^ Order 1. Aphrothoraca 
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With gelatinous mantle; no silicious spicules 

Order 2. Chlamydophora 

With isolated or united spicules Order 3. Chalarothoraca 

Skeleton globular; silicious; many openings 

Order 4. Desmothoraca 

Order 1. Aphrothoraca, Hertwig. 

1. Individuals without stalk 2 

Individuals with stalk 5 

2. Ectoplasm and endoplasm distinct *4 

Ectoplasm not distinctly differentiated. . . 3 

3. Axial filaments extend to central nucleus 

Genus Actinophrys 

Each axial filament ends in a nucleus 

Genus CampUmema 

4. Axial filaments end with ectoplasm . Genus AcHnosphturium 
Axial filaments end in centroblepharopliust 

Genus GymnoaphcBra 

5. Stalk contractile Cx^xwm Zooteirn 

Stalk not contractile 6 

6. Stalk hollow Genus Actinolophus 

Stalk solid Genus Haeckelina 

Order 2. Chlamydophora, Archer. 

1. Mantle without foreign bodies 2 

Mantle with foreign bodies 3 

2. Mantle granular; radial surface markings 

Genus Heterophrys 

Mantle smooth; radiating fibrils; rough 

Genus Sphasn'o^irum 

3. Plasm with colored oil globules Genus Eleorhanis 

No oil; mantle with one layer of sand grains 

Genus LithocoUa 

Order 3. Chalarothoraca, IIert. and Less. 


1. Without stalk 2 

With stalk 3 


2. Membrane with minute spherical granules 

Genus Pompholyxophrps 
Membrane with circular discoidal plates 

Genus Pinacocyntis 

Membrane with pointed oval plates . Genus Pinaciophora 
Membrane with tangential, loose, needles 

Genus Rapkidiophrys 
Membrane with radially arranged spines 


Genus Acanthocystis 

3. Membrane with small plates Genus Cienkowskya 

Membrane with radial spines Genus Wagnerella 

Order 4. Desmothoraca, Hert. and Less. 

1. With stalk 2 

Without stalk 3 

2. Capsule spherical; openings large. . .Genus ClathruUna 

Capsule polygonal; openings small. .Genus Hedriocysiis 

3. Capsule spherical; pores with collars Genus Choanocystis 

Capsule spherical; no collars Genus Blaster ' 
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Sub-class 2. RADIOLABIA, Joh. MCllbr. 

The great number of genera of Hadiolaria make it imj^ssible to give 
more than a superficial survey of this group. The four Tjegions of Hertwig 
and of Haeckel are regarded as Orders in the following description, and 
differ according to the arrangement of pores (pylea) in the central capsule 
(Fig. 151). 



Fig. :^51. --Uudiolariaii central capsules. A, ThaJassolampr, typo of poripylea; 
Ji, Acanthometron, type of actipylea, C\ AuUn/raphitf, tyiie of tripylea; I), TripUro^ 
calpis, ty])e of iiioiiopylea; c, central capsule; n, nucleus. (From C'alkins after 
Haeckel.) 

Okdeu 1. PERIPTIiEA, IIkkt. 

The Peripylea (also called Spumellaria) are characterized by the 
possession of a spherical central capsule with pores distributed 
uniformly; a skeleton is generally absent or represented by scattered 
spicules; colony formation is frequent, the colonies often measuring 
several millimeters (Collozoum) or even centimeters. Nuclei are 
multiple as a rule, but in some types a single huge nucleus apparently 
represents the aggregate of nuclei in the multinucleate forms and 
is regarded as a polyenergid by some writers (Hartmann, et al.). 
Following the majority of recent writers we divide the Peripylea 
into three sub-orders— Sphaerellaria, Polycyttaria, and Collodaria. 
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Stjb-obder 1. Spluerellaria, Haeckel. 

Small forms with a rather complex latticed skeleton or closely 
associated single elements, always of silica. 

Family 1 . Siduoroida, Haeckel. —The skeleton is latticed and may 
be multiple and concentric as in Cenospheera or Staurosphsera. 
Skeletons and central capsules globular. 

Family 2. PniooidsB, Haeckel.— The skeleton elements are similar 
to those of the preceding family but the organisms are ellipsoidal 
by reason of the elongation of the vertical axis of central capsule 
and skeleton. 

Family 3. Diseoidss, Haeckel.— These are flattened and lens-like 
or the reverse of the axial relations of the preceding family, but with 
similar skeletons. 

Family 4. Larcoidta, Haeckel.— These forms are similar to the 
Prunoidse in having the vertical axis longer than the horizontal, 
but the organisms are flattened “dorso-ventrally.” 

Sub-order 2. Polyeyttaria, Haeckel. • 

When mature these organisms are colonial, the colonies often 
several centimeters in length and ellipsoidal, spherical, or band-form 
in shape. A great number of central capsules are embedded in a 
common protoplasmic mass, the capsules being increased by division 
or budding (Brandt). It is in connection with these forms that 
the most satisfactory observations have been made on swarm-spore 
formation. Here in some genera large and small swarmers (macro- 
and microspores) are formed by different individuals, and this has 
led to the inference that they may be macro- and microgametes 
although proof is lacking. In some species, e. g., CoUospheera 
htaleyi, macrospores are formed in one hemisphere and microspores 
in the other hemisphere of the same central capsule. In this sub- 
order also, ZodxanthellcB, or yellow cells, are common. * 

Family 1. Sithasrosoida, Haeckel.— Great colony forms without 
latticed skeletons but frequently with isolated tangential spicules 
of silica (Cdlo'oum, Sphaerozoum). 

Family 2. ColloaplMBiida, Job. Muller.— Forms in which each 
central capsule is enclosed in a single latticed silicious skeleton 
(Cdlosphara). 

Sub-order 3. CoUodaria, Haeckel em. Brandt and Haecker. 

These are solitary Peripylea with greatly developed extracapsular 
plasm and are usually confined to surface waters. They are usually 
spherical with no skeleton at all or with skeletons of the simplest 
type. They are uninucleate, with nuclei of complex structure. 
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Secondary nuclei are formed from chromatin (chromidia) which 
emerges from the giant nucleus into the endoplasm, the process 
being different for different forms described, until the entire sub- 
stance of the original nucleus is exhausted. The secondary nuclei 
become the nuclei of flagellated swarmers. Despite the excellent 
work of Brandt, Moroff, Hartmann and Hammer, Huth, et al., the 
reproduction of the much-studied species of Thalassicolln is stil[ 
incomplete, and complications described by Haecker on Oroscena 
regalia, indicate that no common type is characteristic of the group. 

Family 1. Physematida, Brandt— Forms in which the capsular 
membrane is very thin, the nucleus globular and the endoplasm 
w'ith characteristic vacuoles. 

Family 2. Thtdassieollidn, Haeckel em. Brandt.— Forms similar 
to the above but without intracapsular vacuoles. In both families 
silicious spicules may be present or absent ( Thalasawolla). 

Family 3. Thalassophysida, Brandt. —Forms similar to the above 
but with the nucleus drawn out into peripheral pouches ( Thalasso- 
■physa). 

• Family 4. Thalassothamnidae, Haecker. —Huge forms with a single 
giant double spicule, and with globular or branched central capsule. 
( Thalassothamntis, Haecker, Cytocladus, Schroder). 

Family 5. OrospluBrida, Haeckel.— Forms with a thick latticwl 
skeleton bearing radiating thorn-like and branching spines {Oroscena, 
Haeckel). 


Ordkk II. ACTIPTIJCA, Hektwig. 

In addition to the regularity in distribution of the pores of the 
central capsule, the Actipylea or Acantharia are distinguished from 
all other Radiolaria by the composition of the skeleton. Not only 
does it differ in its chemical make-up (strontium sulphate) but it 
also differs in its mode of formation and in its structure. The 
essential elements of the skeleton are radial bars which originate in 
the center of the central capsule and extend outward through the 
capsule and extracapsular protoplasm. These bars, furthermore, 
are arranged in a definite pattern which is so characteristic and 
invariable that it has become known as the Mullerian law. With 
a few exceptions in which the number of bars is a multiple of 20, 
the bars are twenty in number and the geometrical arrangement 
indicated by the Mullerian law, is such that the points of the spines 
fall in five circles parallel with the equator, and with four spines to 
each circle. The spines or bars, are named according to this 
scheme: Polar, tropical, equatorial, sub-tropical and sub-polar 
(Fig. 152). 

The spines are covered with a sheath of gelatinous nature to which 
peculiar muscular threads— termed myophrisks— are attached. 
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With contraction of these threads, form and volume changes 
result in hydrostatic accommodations such that the organism rises 
or falls in the water. 



Fio. 152— Lichnaspis giltochii, one of the Actipylen. The spines of stroutiuni 
sulphate are arranged in accordance with the “ Mi'illerian law ” as follows: a, a, a, o, 
northern polar; 6, 6, b, b, northern tropical; c, c, c, e(iuatorial; d, d, d, d, southern 
tropical; and e, e, e, southern polar. (From Calkins after Haeckel.) 


In many cases the spines are Imund together by a latticed skeleton 
consisting of twenty plates, each plate formed as an outgrowth from 
a spine. Other peculiarities of this Order are found in the thinness 
of the capsular membrane, frequent intracapsular yellow cells, 
and definite axopodia in addition to the usual rhizopodia. 
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Family 1 . Acantharida, Haeckel. —Forms with 20 spines arranged 
according to the Mullerian law and all of approximately the same 
length (Acanthmnetra elastica). 

Family 2. Spharophractida, Haeckel.— Forms with 20 spines of 
equal length arranged as above; each spine with outgrowths from 
one or more places. These outgrowths are equally distant from 
the center and may fuse, forming one, two or more coiujentric shells 
or skeletons (Sjjhcerocapsa, Haeckel). 

Family 3. Prunophractida, Haeckel.— Forms similar to the above 
but with spines of unequal length resulting in correspondingly 
characteristic changes in the central capsule, skeleton, and axial 
relations. ( T horacaspift, Haeckel) . 

Family 4. ActineUida, Haeckel.— In this group the sj)ines are 
inon? than 20 in number; Haeckel held that they are in multiples of 
20, and he regarded this family as the most primitive of the Aean- 
tharia. {Actinelimy Haeekel, Podactinclius, Sehroder, Litholophns, 
Haeckel). 

Order HI. MONOPTLEA, Hkrtwig. 

* The Radiolaria included in this Order are richly represented 
amongst fossil and recent types. They differ from all others in 
having a central capsule with its openings confined to one pole. 
The pores are in a portion of the central capsule membrane which 
forms the base of a conical volume of endoplasm, the podoeonus, the 
apex of which is in the center of the endoplasm. The form of the 
central capsule is frequently fantastic, or radial, or bilaterally sym- 
metrical. The nucleus is single, elongate and exccntric in position. 

The skeleton is invariably silicious and may be developed in a 
multitude of different forms based upon modifications of three 
parts, the basal spines, the “hea<l” or capitulum, and the ring. 
These may be independent, or connected by fused spines, etc., with 
the tendency to form latticed skeletons which furnish the basis for 
the other name— Nassellaria— first used by Ehrenberg and amended 
by Haeckel to include forms in this Order. 

Family 1. Nassoidse, Haeckel.— Monopy lea without skeletons. 

Family 2. Plectoid», Haeckel. —Forms without capitulum or ring, 
but with basal spines which are frequently branched. 

Family 3. Stephoidao, Haeckel.— Invariably with a simple or 
multiple ring but without capitulum or basal spines. 

Family 4. Cyrtoidae, Haeckel.— With a w’^ell developed capitulum 
w^hich is attached to the basal spines but without ring. 

Family 5. Spyroidaa, Ehrenberg. —Here the well developed capitu- 
lum is divided by a sagittal cleft into two halves; basal spines also 
present. 

Family 6. Botryoidae, Haeckel.— Forms similar to those of the 
last family but without basal spines and with a mantle-like lengthen- 
ing of the capitulum. 
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Ordek IV. TRIPTLEA, Hertwig. 

In this great group of the Radiolaria all forms agree in having a 
central capsule with three openings. One of these, the astropyle, 
is the main or primary opening, the others, parapyles, are secondary. 
. The primary opening is at the base of the main axis of the capsule 
and is covered by a radially-striped membrane, the center of which 
is drawn out into a tube the opening of which is surrounded by a 
mass of secretory material and pigment --the pheodium. Hence 
Haeckel’s name for the order the Pheodaria. 

The bars of the silicious skeletons are hollow in the main, although 
solid parts may also occur. 

Haecker divides the Tripylea into six groups of families which 
Doflein ranks as Ijegions but we designate them here as Sub-orders. 

Sub-order 1. Phnoeystina, Haeckel. 

These are either naked forms or provided with a simple skeleton 
of numerous hollow bars which arise either independently in the 
protoplasm or are bound together to make a star-form group. * 

Family 1. Aulacanthidse, Haeckel.— Here the skeleton consists 
of hollow radial spines and a mantle of very fine tangential tubes. 
(Atdacaniha scolymantha, Haeckel.) 

Family 2. Astracanthidn, Haecker.— Forms with radially arranged 
hollow spines, the distal ends of which are variously developed while 
the proximal ends come from the outer surface of a central, hollow 
sphere. The central capsule here, is double. 

Sub-order 2. Phseosphearia, Haeckel. 

The skeletons of these forms consist of one, or two concentric 
shells; shefl-openings if present, are limited to the inner shell. 

Family 3. Aulosphserida, Haeckel.— Skeletons in the form of a 
simple latticed shell formed by hollow radidJ bars and a tangential 
meshwork; no shell opening present. 

F amily 4. Cannospluetidea, Haeckel. —Here the skeletons are com- 
posed of two concentric shells bound together by radial bars; the 
inner shell has an opening (pylom). 

Faviily 5. Sagosphteridn, Haeckel.— With one or two concentric 
shells without shell openings; the bars of the meshwork are solid, 
thin and flexible. 

Sub-order 3. Pheocalpia, Haeckel. 

Shells mopaxonic or pdlyedral with pylom or opening and with 
radial spines variously arranged. 
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Family 6. CastaneUidn, Haeckel. —Shells usually globular or mon- 
axonic with uniformly distributed wide, rounded pores, and usually 
with numerous radial spines distributed on all sides. 

Family 7. Circoporida, Haeckel.— Shells globular or polyedral, with 
a crown of pores at the base of the radial spines. The latter which 
are limited in number and have terminal branches, are usually 
arranged in geometrical patterns. 

Family 8. Tuscaroridta, Haeckel— Shells usually flask-form with 
narrow pore canals and rather short unbranchcd radial spines 
grouped in one or two crowns about the main axis. 

Family 9. Porospathidse, Borgert. —Shells with papilliform excres- 
cences or covered with a trigonal meshwork. Badial spines present 
on all sides. 

Sufi-ORDKR 4. Phseogromia, Hafx'kel. 

Here the skeleton is usually bilaterally symmetrical with a shell 
mouth and definitely localized radial spines. 

Family 10. ChaUengerida, J. Murray.— Shells with "diatom” 
structure; shell opening with a one-sided “peristome” formation. 
Radial spines if present only in the median plane more rarely grouped 
around the aboral pole. 

Family 1 1 . Medusettida, Haeckel. — Shells smooth or ornamented 
with small spines. Radial spines limited exclusively to the edge 
of the shell mouth 

Sub-order 5. Phaoconchia, Haeckel K.\f. IIaecker. 

Here the shells consist of two usually thick-walled valves which 
are perforated by rounded or slit-like pores. 

Family 12. Concharida, Haeckel. 

Sub-order 6. Phaodendria, IIaecker. 

ShcUs. consisting of two thin-walled valves each with a conical 
process from which originate diverging, branched tulajs. 

Family 13. Calodendrida, Haeckel, em. IIaecker. 

KET TO COIVIMON GENERA OF SARCODINA. 

Class II. RHIZOPODA, von Sieb. 

1. Naked; Heliozoa-like; radiatii^ pseudo- 

podia. Sub-class 1. Pkoteomyxa 

Naked dr shelled; pseudopodia not Helio- 
zoa-like 2 

2. With myxopodia and plasmodium forma- 

tion Sub-class 2. Mycbtozoa 

No plasmodium formation 3 

3. With calcareous shells; marine Sub-class 3. Foraminifbra 
N aked or with chitinous tests Sub-class 4. AiKBBMA 
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Sub-class 1. PROTEOMTXA. 

1. Individuals Heliozoa-like; usually solitary. 2 
Individuals fuse into thread-like plasmodia 

Family 1. Labybinthuijd^ 

2. With flagellated swarmers Family 2. ZoospoRiDiB 

Without flagellated swarmers. . .Family 3. Vampyrellid^e 

Family 1. Labyrinth^dsB, Hseck. 

One genus only* little known Genus Lahyrinthula 

Family 2. ZoSsponde, 2k)pf-Delage. 

Intracellular parasites of Algae, Volvolx, etc. 

Genus Pseudospora 

Starch-eating amojboid forms Genus Protomonas 

Free-living i body red; marine Genus Protomyxa 

Family 3. VampyrellidsB, Doflcin. 

Form changeable; colorless; ray-like pseudo- 
podia Genus Nuclearia 

Body branched; naked; pseudopodia delicate 

Genus Arachnula 

Color reddish; ectoparasitic on Algae. .Germs Varnpyrella 

Color greenish; cysts of cellulose Genus ChUimydomyxa 

Colonial forms Genus Myxodictium 

Body sharply pointed at base of pseudopodia 

Genus Biomyxa 

Protoplasm of body and pseudopodia yellow 

Genus Rhizoplasma 

Body yellow; pseudopodia colorless. . .Genus Dictomyxa 

Sub-class II. MYCETOZOA, de Bary. 

Pseudoplasmodium in some; no ixjridia nor 
capillitia; sporangium a mere mass of 

spores Order 1. Acrasida 

Parasitic; no peridia nor capillitia. . .Order 2. Phytomyxida 
P lasmodia; peridia and capillitia. . . .Order 3. Euplasmodida 

Order 1. Acrasida, van Tieghem. 

Amoeba? solitary; stalked spore-case Family 1. Sappiniidaj: 
Amoebse grouped; sori from group. .Family 2. GuxTULiNiDiE 
Amcebae grouped; stalks of sori hardened 

amoeba? Family 3. DictyostblidAj 

Family 1. SappiniidaB, Dangeard. 

One genus and species; dung of horse, cow, 

dog, etc Genus Sappinia 

Family 2. OuttulinidsB, Cienk. 

Cells do not form stalks of sori Genus Copromyxa 

Short stalks bearing sori Genus Guttvlina 

Family 3. DiclyostelidaB, Rostafinsky. 

1. Stalks unbranched 2 

Stalks branched Genus Polyspondylium 

2. Spores without definite arrangement Genus Dictyostelium 
Spores in row like string of beads . . . Genus Acrasis 

Order III. Euplasmodida, Lister. 

Spores exposed on surface of sporophores 

Sub-order 1. Exospobea 
S ub-order 2. Myxooastres 


Spores in sporangia 
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Sub-order 1. Exoq[K>rea, Rostaf. 

One genus; spores exposed; no sporangia 

Genus Ceratiomyxa 

Sub-order 2. Myxogastres, Fries. 

(Key to genera adapted from MacBride, 1922) 

Spore mass black or violaceous, rarely ferru- 
ginous. : Series A 

Spore mass never black; usually brown, yel- 
low, etc Series B 

Series A 

With delicate thread-like capillitium; spor- 
angia more or less calcareous Legion 1. Physarales 

With capillitium and columella; rarely cal- 
careous Legion 2. Stemonitales 

Senes B 

Capillitium imperfect or none; spores brown, 
rarely purple Legion 3. Cribariales 

Capillitium of interwoven plates or tubules; 
s{»res pale or ashen .Ijegion 4. IjYCOgai^lbs 

Capillitium of sculptured threads; spores yel- 
low Legion 5. Trichiales 

Lbgion 1. Physarales MacBr. 

Fructification often calcareous throughout; 

. capillitium intricate Family 1. Phy8ARid>« 

Lime in [leridium only, or also in stipe; capil- 
litium simple Family 2. Didymiida? 

Family 1. Physaridse, MacBr. em. 

1. Fructification an a^tlialium Genus Fuligo 

Fructification an aggregate of sporangia ... 2 

2. Peridium calcareous 3 

Peridium apparently limeless, at least 
outside 6 

3. Capillitium calcareous throughout. .Genus Badhamia 

Capillitium largely hyaline 4 

4. Sporangia globose; dehiscence irregular 

Genus Physarum 

Sporangia vasiforrn or tubular 5 

5. Dehiscence by lid-covered opening. .Genus Craterium 
Dehiscence irregular; peridium inverted 

Genus Physarella 

fi. Sporangia sessile with irregular outlines 


Genus Cienkowskia 

Sjiorangia distinct Genus Leocarpus 

Family 2. Didymiidae, MacBr. ein. 

1. Fructification an aethalium Genus Mucilago * 

Fructification not an sethalium 2 

2. Peridium single 3 


Peridium double; outer one gelatinous 4 

3. Calcareous deposits crystalline; stellate 

Genus Didymium 

Calcareous deposits in form of scattered 


scales Genus Lepidoderma 

4. Outermost peridium gelatinous Genus Colloderma 

Outer peridium hardened Genus Diderma 
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Legion 2. Stemonitales MacBr. 

1. Fructification sethaUum-Uke; columella 

rudimentary or absent I^amily 1. AMOunocHiSTiDiB 

Fructification with distinct sporangia 2 

2. Capillitium well-defined; columella prom- 

inent, long Family 2. Stemonitid^ 

Capillitium developed from top of colum- 
ella Family 3. Labiprodebmid^ 

Family 1. Amourochetidse, MacBr. em. 

A single genus Genus Arnourochxta 

Family 2. Stemonitidss, MacBr. em. 

1. Sporangia grouped; capillitium with ves- 

icles Genus Brefeldia 

Sporangia distinct 2 

2. Stipe and columella jet black 3 

Stipe and columella whitish; calcareous 

Gtenus Diachcea 

3. Tips of capillitium branches free Genus Comatridui 

Tips united forming a surface network 

Genus St&monitia 


Family 3. LamprodermidsOt MacBr. em. 

1. Columella through sporangium, capillitium 

apical Genus Enerihenema 

Columella only part way through sporan- 
gium 2 


2. Capillitium fuUy developed 3 

Capillitium rudimentary; minute forms 

Genus Echinostellium 


3. Capillitium does .not form a net. . . .Genus CUistoderma 
Capillitium forms an intricate net. . Genus Lamproderma 
Legion 3. Cribrariales MacBr. 

1. Spoiwgia distinct and separated 2 

Sporangia associated 3 

2. Walls of sporangia perforate, especially 

above ..Family 1. CRiBRABiiDiB 

Walls not perforated; sporangia with lid 

Family 2. OBCADBLLiD.ffi 

3. Sporangia irregularly grouped in delicate 

membrane Family 3. Licbidm 

Sporangia definitely grouped 4 

4. Walls of sporangia not perforated; tubular 

Family 4. Tubiferidjb 
Walls of sporangium perforated or frayed 

Family 5. RETicuLARiiDiB 

Family 1. CribrariidsB, MacBr. em. 

Peridium with meridional ribs or thickenings 

Genus Dictydium 

Peridium with apical thickenings only. Genus Cribraria 


Family 2. Orcadellidse, MacBr. em. 

A single genus 

Family 3. UceidSi MacBr. 

A single genus 

Family 4. Tubiferidas, MacBr. em. 

1. Sporangia stipitate, '^clustered. 

Sporangia in linear ^ries 

2. Spores olivaceous. 

Spores umber 


. Genus Orcadella 
.Genus Llcea 

Genus Alwisia 

2 

Genus Lindbladia 
Genus Tvbifera 
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Family 5. Beticulariidm, MacBr. em. 

1. Spores brownish or umber 2 

Spores yellowish Genus Dictydicethalium 

2. Sporangia lx>unded by broad perforated 

plates Genus Enteridium 

Sporangia wholly indeterminate Genus Reticularia 

Legion 4. Lycooalales MacBr. 

One genus only Genus Ly cogala 

Legion 5. Trichiales MacBr. 

1. Capillitium a distinct net; no spiral bands 

Family 1. Arcybiidm 

Capillitium threads fixed or free; no net. . . 2 

2. Capillitium threads free; with spiral bands 

Family 2. TRiCHiiDi® 


Capillitium threads attached 3 

3. Throads attached at both ends 4 


Threads attached at one end if at all 

Family 3. PERicUiBNiDiC} 

4. Threads plain or slightly roughened 

Family 4. Dianemid^b 

Tlireads definitely sculptured. . .Family 5. Prototrichiidb 
. Family 1. Arcyriidm, MacBr. em. 

^ 1. Capillitium elastic 2 

Capillitium non-elastic Genus Lachnoholus 

2. Capillitium attached at base; no hamate 

branches Genus A rcyria 

Capillitium centrally attached, with ham- 
ate branches Genus Heterotrichia 

Family 2. TrichiidsB, MacBr. em. 

1. Capillitium threads long, centrally attached 2 
Capillitium threads short, free, sometimes 

branched 3 

2. Sculpture spiral Genus Hemitrichia 

Sculpture reticulate Genus Calonema 

3. Threads, elaters, marked by spiral bands 

Genus Trichia 

Threads with irregular sculpture or none 

Genus Oligonema 

Family 3^. Perichsenidm, MacBr. em. 

Sporangia more or less grouped; dehiscence 

irregular Genus Ophiolheca 

Sporangia grouped, polygonal; dehiscence by 

lid Genus Perichoena 

Family 4. Dianemidao, MacBr. em. 

Capillitium threads attached at one end only 

or free Genus Margarita 

Capillitium threads attached at each end 

Genus Dianema 

Family 5. Prototrichiida, MacBr. em. 

A single genus Genus Prototrichia 

Sub-class III. FOBAMINIFEBA, D’Orb. 

Dofleiii includes all of the testate rhizopods as a subdivision— 
Monothalamia— of the Foraminifera. Such a system does not 
23 
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take into consideration such widely different types of pseudopodia 
as the filopodia and myxopodia, and relationship to the many- 
chambered Foraminifera in other respects seems equally remote. 
There are some types such as Lieberkiihnia, which approach the 
foraminiferon plan of structure and their systematic position must 
remain somewhat of a puzzle, but for the present we shall retain 
the older plan of grouping them with the testate Amoebaea. Simi- 
larly it is a question whether shell-less forms with myxopodia should 
be included as Reticulosa with the Foraminifera under the term 
Nuda as Rhumbler does, or be grouped with fresh-water types in 
the subdivision Proteomyxa. The latter course is followed in the 
present work and the Foraminifera are limited to the shell-forming 
types of marine Sarcodina having myxopodia. This method of 
solving the difficulty has the one advantage of grouping together 
all of the monothalamous forms of Sarcodina and of strictly limiting 
the Foraminifera to polythalamous types. It is a matter, frankly, 
of expediency and does not involve any one of the numerous theories 
of rhizopod phylogeny. 

The tendency has been toward a simplification of the classification 
of Foraminifera. Carpenter’s division into Perforata and Imper- 
forata, also adopted by Brady involves the problem of isomorphs 
and questionable affinities. Lister’s classification, in which the 
group is divided into some thirty-two families, seems unnecessarily 
cut up. Rhumbler’s system is much more simple and is adopted 
here. He distributes the ten families recognized as Foraminifera 
amongst five ^‘Family Groups” which we indicate as orders in the 
following system. 


Order I. Archi-Monothalamida = Archi-Monoihalmidia, 

Rhumbler. 

to 

Shells primarily of a single chamber yet often with incomplete 
septa, incompletely dividing the single chamber into many chambers. 

Family 1. Bhabdamminidas, llhumbler— Shells gelatinous, pseu- 
dochitinous or with foreign bodies cemented on a chitinous mem- 
brane; always one-chambered but of variable (globular, tube-like, 
asteroid) form. The chamber of the shell may be partially broken 
up by incomplete septa; pores absent or casual; openings one or 
many. 

Genera: Myxotheca, Schaudihn; Allogromia, llhumbler (both 
salt and fresh water); Dendroitiba, llhumbler; Aatrorhiza, 
Sandahl; Saccammina, M. Sars; Paammoapheera, F. E. 
Schultze; PlHzammina, Brady; llyimammina, Brady; 
Rhabdammina, M. Sars; Ilaliphyaema, Bowerbk.; Hippo- 
crepina, Parker. 
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Family 2. Ainmodisciiliiiid», Rhumbler.— In part sand in part 
lime shells of tubular, discoid or rolled form, imperforate or perforate. 

Genera: A. Imperforate sand shells. Genus Nich. 

* and Eth.; Lituainba, Rhumbler; Psammonyx, Doderlein; 
Ammonodiecvsy 'Reuss.; B. Imperforate lime shells. Cor- 
nuspira, M. Schultze; C. Perforate lime shells, with 
chamber-like swellings and incomplete septa. 

Genera: Spirillina, Bory; Tetrataxu, Ehren.; Patellina, 

Williamson. 

OiiDEH II. Nodosalida = Nodosalidia, Rhumblek. 

Shells usually chambered but monothalamous forms may arise 
by separation of newly-formed chambers. Chambers in straight 
or slightly curved rows, occasionally in a flat spiral row {Cristeh 
laria ) ; initial chamber without a bent neck. 

Family 3. Nodosamminidsd, Rhumbler. —Shells sandy or more or 
less calcareous; perforate or imperforate; invariably poly thalainous; 
chambers in a straight or slightly bent row. 

* Genera: Nadosinella, Brady; Rheophax, Montf. 

Family 4. ^Yodosariicte, Rhumbler.— Shells pure limestone with 
many fine and closely set perforations. 

Genera: Nodosaria, Lamarck; Vaginvlina, Fornas; Lageria, 
Walker and Boys; Cristellaria, Link. 

OiiDEK III. Flexostylida = Flexostylidia, Riiumblek. 

The globular initial chamber is provided with a flexible, sac-like 
or tubular “neck” which winds around the original chamber and 
becomes attached to the secnind chamber. Walls usually imper- 
forate or with sparse perforations; shells usually calcareous, por- 
cellanous and not infrequently mixed with sand. In brackish 
water shells pseudochitinous or with sand crystals, in deep sea also, 
but exceptionally silicious. 

Family 5. Milioliiiid», Brady em. Rhumbler.— Shells spirally 
wound without cyclical growth; imperforate except for the initial 
chamber of Peneroplis which is perforate. 

Genera: Group A: Chambers long, usually including one-half 
a spiral turn. Nodobecularia, Rhumbler; Nubeadaria, 
Defr.; Cakituba, Roboz; Bihevlina, dT)rb.; Milwlvna^ 
Williamson; Trilocnlina, D’Orb; Quimiuebmlina, d’Orb.; 
Ophthal7nidiu7n, Kubl. and Zwingli; Spirohculina, d’Orb. 
Group B: ("hambers very short so that many are included 
in one turn, but occasionally very wide; Peneroplui, Montf.; 
Alveolina, d’Orb. 

Family 6 . Orbitolixudae, Reuss em. Rhumbler.— In the later rows 
chamber growth becomes cyclical or ring form, with division of 
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the chambers into subchambers; a single mouth present only in 
the initial chambers; in later chambers a large niunber of so-called 
mouth-pores are present. 

Genera: Group A: Calcareous; imperforate. ArchiacSha, 
Meun.-Chalm.; OrbiiolUee, Link.; Orbictdina, Lam. Group 
B: Calcareous; perforate. Orbifoides, d’Orb. (fossil only). 

Order IV. Teztnliiiida = Textolinidia, Ruumbler. 

Folythalamous with initial chamber without neck and succeeding 
chambers arranged in two or more alternating rows which, in more 
complex forms, are spirally wound. The shell material is lime, or 
lime with sand, or sand, and the walls are usually perforate, rarely 
imperforate. 

Family 7. Textulinidte, Rhumbler.— With the characters of the 
group. 

Genera: Texiularia, Defr.; Cribrostomum, Moeller; Bolinna, 
Orb.; VerneuUina, Orb. (with three rows) ; and Cassidulina, 
Orb. 


Order V. Botalida, Brady em. Rhumbler = Botaliaridia. 

Folythalamous with initial chamber without neck, the succeeding 
chambers forming a flat spiral or with a portion developed as a 
turbo-spiral. In some cases with an irregular heap of terminal 
chambers (acerval). 

Family 8 . Trochamminidte, Rhumbler.— Shell material sand, sand 
and lime or pure lime; no dimension of single chambers relativdy 
long. 

Genera: Endothyra (Carboniferous), Fhilips; Haplophragmium, 
Reuss; Trochamviina, Jon. and Fark.; Carterina, Brady; 
(here the shell is made up of calcareous plates cemented 
together in the form of a mosaic) ; CycUtmmina, Brady. 

Family 9. Fusilinida, Rhumbler.— Shells imperforate, with cham- 
bers much elongate in the direction of the turns and divided into 
numerous subchambers. Only fossil forms known. Fusulina, 
Fischer; Schwagerina, Moeller; ScheUwienia, Staff and Wedek. 

Family 10. Botaliidse, Brady em. Rhumbler.— Calcareous and 
invariably perforate. Spirals are so wound that either all chambers 
are visible on the upper surface but only the last thamber from the 
under side, or only the last chamber js visible from either side. The 
more complex forms are provided with a canal system. 

Genera: Truncabtlina, Orb.; Ptileimdina, Jon. and Fark.; 
Rotalia, Lamarck; Dismrbina, J. and F.; Polytrema, Risso; 
Tinoporus, Mbnth The Globigcrina group includes pel- 
agic or floating forms with swollen chambers which start 
with spiral arrangement but become irregular; usually 
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with bFistles or ridges, etc., apparently useful in flotation. 
Globigerina, Orb. (the last greatly swollen chamber includes 
within it all of the earlier chambers); Hasiigerina, W. 
• Thomp.; The Nummulites group includes more compli- 
cated types with canal system : Here : Nmimiina, d’Orb. ; 
Polysiomella, Link; Operculina, d'Orb.; Nummulites, Link; 
and Amphistiginxi, d'Qrb. 

Sub-class IV. AMGBB^IA, B^tschli. 

Naked forms; pseudopodia lobopodia or lamel- 

lipodia Order 1. Am(ebida 

Testate or mcmbraned forms Order 2. Tebtacba 

Order 1. AxncBbida, Aut. . 

1. Diphasic forms, amoeboid and flagellated 

stages Family 1. Bistadiidas 

Monophasic forms, amoeboid only 2 

2. Free-living; water, earth, moss, etc 3 

Parasites of cavities and tissues. .Family 2. ENDAMCEBiDiE 

3. Without cytoplasmic *'Nebenkern” 

• Family 3. Amcebidjs 

With cytoplasmic “Nebenkem’\ Family 4. Paramosbidas 

Family 1. Bistadiidss, Doflcin. 

Two flagella in flagellated phase Genus N&gleria 

One flagellum in flagellated pliase Genus Craigia 

Three flagella in flagellated phase Genus Trirmstigarrmha 

Family 2. EndamoBbid». 

1. Vegetative forms with one nucleus 2 

Vegetative forms with two nuclei. . .Genus Dientamceha 

2. Encysted stage with huge glycogen mass 

Genus lodarnceba {Endolimax) 
Encysted stage without large glycogen mass 3 

3. lleproduction by budding in cells with eight 

nuclei Genus Councilmania (?) 

Reproduction by division Genus Endamceba 

Family 3. AmoebidsB, Doflein. 

1. Actively moving forms with lobose pseudo- 

. podia 2 

Sluggish forms; no definite pseudopodia 

Genus Pehmyxa 

2. Large forms, several pseudopodia. . .Genus Amceha 
Small forms moving as one pseudopodium 

Genus VahUcampfia 

Family 4. ParamoDbidsB, Doflein. 

Free living or parasitic, one genus Genus PararruBba 

Order 2. Testacea, Del. and Her. 

* 1. Tests simple; membranous, plastic or rigid 2 

Tests rigid, with foreign ladies, plates or 

scales 3 

2. Pseudopodia lobose or simply branched 

Family 1. Arcellid.^ 

Pseudopodia reticulate, forming a network 

Family 4. GnoMiiDiE 
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3. Chitinous test covered by foreign bodies 

Family 2. DiFFLuaiip^ 
Chitinous test with plates made by organ- 
ism Family 3. EuGLYPHiDi® 


Family 1. Arcellida. 

1. Tests membranous and flexible 2 

Tests membranous; rigid; with or without 

foreign bodies 9 

2. Test like inverted watch-glass; aperture 

full diameter 3 

Test cup-like or sac-like 4 

3. Test with hyaline margin (Fig. 153.) Genus Psevdochlamys 

Tests completely hyaline Genus Pyxidicvla 

4. Tests cup-like 5 

Test bag or sac-like 7 



Fio. 153.— A, Hyalosphenia? ap. (Original,) Paeudochlamys patella after Clap 

and Lachm. 


5. Margin of test aperture turned in 6 

Test aperture with diaphragm-like mem- 
brane Genus Diplochlamys 

6. Cell body uninucleate (Rhogostoma) Genus AmphizoneUa 
Body with more than one nucleus . . Genus Zonomyxa 

7. Crown of test with circular and radial 

ridges Genus Microcorycia 

Crown of test simple; aperture an elastic 
slit 8 

8. Test non-encrusted ovoid sac; aperture 

linear Genus Capsellina 

Test sac-like, covered with foreign bodies 

Genus Parmulina 

9. Test rigid; chitinous; without foreign 

bodies 10 

Test more or less plastic; one or more pores 

Genus CoMxopodium 
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10. Test symmetrical 11 

Test asymmetrical (one species encrusted) 

Genus Lesquereusia 

11. Tests circular in cross-section 12 

Tests ellipsoidal in cross-section 15 

12. Free living forms 13 

Parasitic form (Fig. 154) Genus Chlamydophrys 

13. Pseudopodia lobose 14 

Pscudopodia short lobose with aciculate tip 

Genus Difflugiella 


Flu. IHA. —Chlamydnphryn ftteratrea. (From Doflein after Schaudinn.) 

14. Aperture of test with inturned margin 

Genus Arcella 

Margin not inturned; one lobose pseudo- 
podium Genus Leptochlamys 

15. Tests yellow or brown; minute; without 

pits Genus Crypiodifflugia 

Tests hyaline; transparent; usually with 

pits Genus Hyalosphenia 

Family 2. DiflBugiidso. 

1. Test circular in cross-section 2 

Test ellipsoidal in cross-section (com- 
pressed) 6 
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2. Aperture of test circular 3 

Aperture of test ellipsoidal or linear Genus Plagiopyxis 

3. Aperture without lobed external collar 4 

Aperture with three or four lobed external 

collar Gaius CucurbiteUa 

4. Aperture excentric in position Genus Centropyxis 

Aperture central; synmetrical 5 

5. Test covered with diatom shells; pseudo- 

podia pointed Genus PhryganeUa 

Test covered with sand, mud, detritus, etc. 

(Fig. 155) Genus Difflugia 



Fia. 155 . — Difflugia lohostoma plastogamic staKoa formerly iuterpreted as ovidcnco 
of conjugation. (From Calkins after Rhumbler.) * 


6. Test with constricted neck and internal 

shelf Genus Pontigviasia 

Test without internal shelf 7 

7. Test with foreign particles on dome only. . 8 
Test covered; aperture a long and narrow 

slit Genus BuUinula 

8. Aperture of test convex Genus Heleopera 

Aperture small, ellipsoidal, with thickened 

margins ' . Genus Awerintzia 

Family 3. Euglyphidss. 

1. Cells without chromatophores 2 

Cells with one or two blue-green chroma- 
tophores Genus Pavlinella 

2. Test curved, retort-shape 3 

Test dome-shape; not curved 5 
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3. Aperture terminal, oblique 4 

Aperture terminal not oblique Genus NadineUa 

4. Test with regular, small, plates; no mem- 

brane Genus Cyphoderia 

Test with amorphous plates; aperture 
with membrane Genus Campascits 

5. Test circular in cross-section 6 

Test ellipsoidal in cross-section (com- 
pressed) 7 

6. Dome with single long spine; plates fine 

Genus Pareuglyphn 

Dome without spine Genus Euglypfia 

7. Test asymmetrical . 8 

Test symmetrical 9 

8. Aperture circular; oblique; invaginated 

Genus Trinema 

Aperture oval; oblique; not invaginated 


Genus Corythion 

9. Test plates circular or oval 10 

Test plates rectangular Genus Quadrula 


10. Test hyaline; transparent; plates numerous 11 
Test brown or colorless; aperture oval 

Genus ARsulina 

• 11. Aperture as in Difflugia^ circular Genus N chela 

Aperture linear with undulate border 

Genus Placocista 


Family 4. Oromiidas. 

1. With one test aperture 2 

With two or more test apertures 

Sub-family 3. Amphistomin^k 

2. Filosc pseudopodia directly from plasm 

Sub-family 1. PsEunoGiiOMiiNiG 
Reticulate pseudopodia from peduncle 

Sub-family 2. ALLOGKOMiiNiE 


Sub-family 1, PseudogromiincBj Cash 

1. Test of one piece 2 

Test bivalved (Jienus Clypeolina 

2. Test smooth; no foreign particles. . .Genus Lecythium 

l^st covered with foreign particles 3 

3. Test ovoid; no hair-like cirri Genus Pseudodifflvyia 


Test ovoid; flexible; with hair-like cirri 

Genus Diaphoropod(m 

Sub-family 2. AllogromiimB, Rhumbler 

1. Test ovoid; plastic, aperture lateral . Genus Lieherkuehnia 

Test rigid or plastic; aperture terminal 2 

2. Test oval or pyriform; not encrusted 3 

Test cylindrical; encrusted with foreign 

bodies Genus Rhynchogromia 

3. Test and organism minute; often colonial 

Genus Microgromia 

Test large, oval, solitary Genus Allogromia 

Sub-family. AmphistomincBj Cash 

1. Test with two apertures 2 

Test with from three to six apertures 

Genus Microcometes 



362 


BIOLOGY OF THE PROTOZOA 


2. Test minute; hyaline; spheroidal; colored 

globule Genus Diplophrys 

Test medium; oval; encrusted or not; with 
symbionts Genus Amphitrema 
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CHAPTER VIII. 


SPECIAL MORPHOLOGY AND TAXONOMY OF THE 

INFUSORIA. 

Since the first discovery of VorHcelh and allied forms of Protozoa 
by Leeuwenhoek in 1675, the Infusoria have been among the most 
favored of living things studied through the microscope. The 
designation Animalculee, given to include all forms of microscopic 
life was changed by Ledenmuller to Infusoria in 1760-1703, and the 
entire phylum of Protozoa were included under this term by the 
majority of writers down to Biitschli in 1882. Dujardin, 1841, 
divided the “Infusoires” into rhizopods, flagellates and ciliates, a 
classification adopted by Biitschli who, however, limited the use 
of the term Infusoria to Protozoa bearing cilia at some period of the 
life history. Two classes are universally recognized today, the 
(^iliata with permanent cilia, and Suctoria with cilia in the embry- 
onic-phases only. The classification of the Infusoria approaches 
more closely to an ideal natural system than is possible at the present 
time with any other group of Protozoa. 

The great majority of Infusoria are free-swimming but practically 
all Suctoria and several minor groups of the Ciliata are attached, 
while a few are parasitic. The majority of attached forms tend to 
radial symmetry; free-swimming types show the greatest variety 
of forms which in many ca.ses may be traced to the effects of mode 
of life, but the fantastic shapes of sapropelic and of many parasitic 
types ale difficult to reconcile with environmental conditions. The 
ideal generalizetd form of Ciliata is a spherical or ellipsoidal organism 
with the mouth at one end, contractile vacuole near the other, and 
lines of cilia starting from the mouth and running in longitudinal 
rows down the body. Shifting of the mouth with distortion of the 
lines of cilia, leads to various modifications of the generalized type 
which is most closely represented by llolojihrya or Prurodon species 
(Fig. 166). A ventral surface bearing the mouth is established in 
the Hypotrichida which includes some of the most highly specialized 
forms of Protozoa. 

The endoplasm is finely alveolar and much more fluid than the 
more highly differentiated cortex or ectoplasm. The endoplasm 
reveals different types of refringent granules during life, some of 
which have been identified as excretory granules (Prowazek, Niren- 
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stein), others as mitochondria (Faurfi-Fremiet, Cowdry) and others 
as belonging to the Golgi apparatus (Nassonov). In addition to 
these, reserves of food substances, kinetic elements, and metaplas- 
tids of different kinds, with the nuclei make-up the substance of the 
endoplasm. 



Fio. 156 . — Paramecium caudaium. Section of a dividing individual. c,8L, con- 
necting strand of diving micronuclei; e.tr., extruded trichocysts; g,v„ gastric vacuole; 
M, dividing macronucleus; m, m, divided 'micronuclei; tr., trichocysts. (Original.) 
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Metaplastids are numerous and widely distributed. Of these 
trichites, trichocysts and “pharyngeal baskets” are the most charao 
teristic. Trichites are elongate slender rods usually surrounding 
the mouth in gymnostomes and are 


generally interpreted as organs of sup- 
port or protection. They are not 
limited to the oral region, however, 
and in some forms provide a protec- 
tive cuirass about the posterior region 
(StrombidiuTn). The oral trichites are 
numerous and closely applied and in 
some cases form a continuous and 
smooth tube extending deep in the 
endoplasm (some Nasaiilas, Orthodon, 
etc.). Trichocysts are shorter and 
more conspicuous ; formed in the 
endoplasm they assume a tangential 
position in the cortex and may cover 
the entire surface {Paramecium, Fig. 
156, Frontonia, etc.) or may be limited 
to certain regions {Dileptue proboscis. 
Fig. 157)). In a moving Actinobolue 
they are arranged as in Paramecium, 
but in a quiescent individual each 
trichocyst is carried out at the end 
of a long tentacle which this interest- 
ing ciliatc has the power to protrude 
for feeding purposes (Fig. 81, p. 154). 

The function of the trichocysts is 
still in dispute (Visscher, 1923). The 
substance of a trichocyst may be shot 
out in ^he form of a long thread which 
hardens on contact with water. In 
such forms, represented by Parame- 
cium, Frontonia and other related 
forms, there appears to be np toxic 
action connected with the trichocysts, 
the threads affording prote<;tion by the 
formation of a net-like weft almut the 
organism. In other cases, however, 
there is considerable evidence of toxic 
action and in such types the long 
threads are not formed. Visscher 
(1923) has described such toxic 



action on the part j)f the trichocysts 
of DUeptua, and the sudden paralysis 


Fiq. 157 . — DilepluH gigaai with 
l^eadod macronunleuH and twisted 
proboscis. (Original.) r. . ^ » 
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of Halteria grandindla upon coming in contact with a tentacle of 
Actinobolus is interpreted as due to the toxic action of the minute 
trichocyst at the extremity of the tentacle (Calkins, Moody). In 
Didinium lumAum there is a zone of rods quite independent of the 
pharyngeal trichites and interpreted as trichocysts near the extrem- 
ity of the seizing organ of this voracious animal (Fig. 89, p. 180). 
A Paramecium jabbed by this proboscis in one of the vigorous 
darts of Didinium is immediately paralyzed and the poisoning is 
attributed to the trichocyst material. While this interpretation is 
plausible it cannot be regarded as proved, and it must be admitted 
that the protoplasm itself may carry the toxic substance.' Thus 



Fio. 15S,—Na88ula aurea (C) and details of basket {A, B, after BUtschli); 

Df Chilodon sp. (OriKinal.) 

in the Suctoria a ciliate or other small organism, is similarly par- 
alyzed upon coming in contact with an outstretched tentacle in 
which no trichocysts can be demonstrated. 

Pharyngeal baskets are characteristic of the Chlamydodontidse 
where they form conspicuous oral armatures (Fig. 158). The 
elements forming the basket are much larger than trichites and 
are frequently combined in such a manner as to justify the term 
basket. The rods are usually constant in number in a species and 
may be united to fonma tulje at the posterior end of the basket, 
or in some cases may be united throughout. In Chilodon the 
basket is protrusible and serves a useful purpose in food-getting. 
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Accjording to MacDougall (1925) the basket is dissolved in artificial 
gastric juice (pepsin) indicating a protein composition. 

Metaplastic substances frequently appear in the form of pigments 
which impart a characteristic color to a species. These are probably 
connected with food metabolism and disappear in the absence of 
appropriate food materials. Thus the blue pigment “stentorin” 
of Stentor ccemleus, or FoUictilina or the lavender of Bkpharisma 
tiiidvlans, the red of Mesodinium riibnm, the black spot of Tillina 
inagna, etc., are coloring matters of this type. Fats and oils also 
are frequent inclusions and when brilliantly colored, as in Nasmla 
aured, give a striking and a pleasing picture as the organism rolls 
through the water. 

Chromatophores, as differentiations of ciliate protoplasm are not 
generally credited although Engelmann maintained that chloro- 
phyll (?) occurs in Vorticella campamilata. Symbionts, however, 
are of frequent occurren(?e and give to Paramecium bursarm, Stentor 
viridis, Ophrydium versatile and some Vorticella species a bright 
green color. 

. Contractile vacuoles are practically universal amongst ciliates 
and Suctoria. Held in place in the denser cortex they never move 
about with cyclosis. They empty to the outside through a covered 
but thinned orifice spot in the cortex, the covering being liquefied 
at systole (Taylor, 1923). The vacuole system includes canals and 
reservoirs reaching a high degree of specialization in some forms, 
and ciliated excretory canals are said to be present in a few para- 
sitic types {Pycnothrix, Schubotz, 1908). 

The Infusoria are unique in having an almost universal nuclear 
api>aratus in the form of dimorphic nuclei, macronucleus and micro- 
nucleus. Of these the macronucleus is large and usually homo- 
geneous in structure (granular) and is highly variable in shape in 
different species. In some forms it is multiple and formed by 
repeated division of an original single nucleus {Uroleptus mobilis); 
in other cases attempted division results in a chain of nuclei con- 
nected by a common nuclear membrane giving rise to ^‘beaded’* 
nuclei (Stentor, Spirostomum ambiguum, Uronychia tramsfuga, etc.). 
It is frequently rod-shape as in Diplodinium (Fig. 2, p. 20), or horse- 
shoe shape as in Vorticella, or very much branched as in Dendrosoma, 
Ephelota and other Suctoria (Fig. 159). 

Micronuclei are minute an(l are usually partially embedded in the 
substance of the macronucleus. There is but little variation in 
form of the micronucleus in different species, but there is a great 
variation in the number present. In Paramecium caudntum and 
P. btirsaria there is hut one, while in P. aurelia and P, calkinsi 
there are two, and two are characrteristic of the Pleurotrichida;. 
The number of micronuclei runs up to eighty or ninety in Stentor 
and the number is intermediate in .several other genera. 
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Macronuclei are generally regarded as “somatic” nuclei with an 
important part to play in general metabolism. They disappear by 
absorption and are replaced by products of micronuclear division at 
periods of reorganization by “endomixis,” or by products of amphi- 
nuclei after conjugation. Chromosome formation, with a definite 
number of chromosomes, has been made out for a number of species 
of ciliates, but no definite chromosomes have been described from 
macnmuclei. Evidence is accumulating to indicate that the micro- 
nucleus is the essential element of the cell in conjugation but other 
evidence is at hand to show that it is not e.ssential for continued 



Flu. 159 . — Dendroaoma elegana; n, nucleus. (From Calkins after Kent.) 


vegetative life or for reproduction by cell division. Thus amicro- 
nucleate races of Paramecium, Didinium, Spathidium, Oxytricha, 
etc., have been maintained for long periods by Woodruff, Dawson, 
and others, while Maupas, Calkins and others have, shown that the 
micronucleus may disappear in long-continued cultures of hypo- 
trichous forms, although the organisms are still able to divide 
(p. 72). It is evident that different macronuclei represent different 
degrees of specialization and that some forms may carry on all 
processes of asexual activity without a micronucleus and represent 
transition stages to the opalinids in which there_^is no nuclear 
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dimorphism at all and both sexual and asexual processes are possible 
with only one type of nucleus. 

The kinetic elements, including cilia and their derivatives and 
coordinated systems of intracellular fibrils, represent a neuro- 
motor apparatus quite as complex as that of the higher flagellates. 
In but few cases are there combinations of other motile organs with 
cilia. One such case is described by Penard under the name 
Myriapkrys paradoxa, a form with axopodia and cilia (Fig. 160) ; 
another is a combination of cilia with a flagellum Monmiaatix 
eiliatus described by Schewiakoff . The possibility of the derivation 
of ciliates from flagellates, in some cases through Heliozoa-like 
forms, is suggested by such types, but origin of this group involves 
far too much speculation for serious consideration. 



Fig. IGO.—Myriaphrys paradoxa (?), with cilia and axopodia. (After Penard.) 

("ilia, T)y fusion, form locomotor organs of complex nature (see 
("hapter III). Undulating membranes, membranelles and cirri, 
are present in three of the four Orders of ciliates, while undulating 
membranes are represented in all. , A fourth type of combination,, 
membranula;, combines several of the features of flagella. Thus 
the powerful motile organs of Didinivm are composed of a few 
flagella-like, long cilia, while rhizoplasts run from their basal bodies 
to the vicinity of the nucleus (Fig. 161, 8). 

Undulating membranes are limited regionally, to the gullet, 
margin of the mouth or to a circumscribed area called the peristome. 
Membranelles are grouped usually, in a curved row the “adoral 
zone” around the margin of the peristome, but a dorsal ring of 
membranelles is present in some parasitic forms (e. g,, Diplodinium, 
Fig. 2, p. 20). C^irri are combinations of cilia of usually, the ventral 
24 
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surface but they may encroach on the dorsal surface (c. g., Uron- 
ychia); they form groups as a rule, named according to their posi- 
tion, frontal, ventral, anal, and caudal cirri, the number and arrange- 
ment forming a basis for diagnosis of genera and species. 



Fio. IQl. —Didinium naaiUutn capturing and swallowing Paramecium caudalum 
(1 to 6) ; 8, section of Didinium prior to encystment showing protruded seizing organ 
with zone of trichocysts and rhizoplasts from the mcmbranulffi to the nucleus. CAfter 
Calkins.) 
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The activities of the motile organs are coordinated through a 
system of longitudinal and transverse fibrils amnecting the basal 
fibrillse coming from the cilia or groups of cilia (p. 108). A coor- 
dinating center, termed the motorium, has been demonstrated in 



My 


Fig. 162. — Epistylia plicatilis. Lonfdtudinal section of individual; AfF., Myoncmcs 
from mem brandies to base of cell. (After Schroder.) 


some forms (Diplodinium, Sharp (1914); Eujilides Yocom, 1918; 
Balantidium MacDonald. (1922). 

Myonemes also are widely distributed in the group. In Stentor 
they lie in superficial canals within the cortex and in some cases 
appear to be conducting as well as contractile elements. In Ejna- 





C £> 

Fio. 163. — Tentacles of Infusoria. Mesodinium pidcxr with four oral tentacles 
for adhering; B, Podophrya fixa; C, D, tentacles of Ephelotidsc. (A, C, Z>, from Cal- 
kins; B, Original.) 


A well-defined mouth is present in almost all ciliates (absent in 
an entire group, only in Opalinidse. In gymnostomata it is closed 
save at times of food ingestion; in all other groups it is permanently 
open. In these latter cases the form of the mouth varies from cir- 
cular to elliptical, crescentic or triangular openings and in the 
majority of cases leads into a ciliated gullet. Such constant feeders 
are limited to a bacterial diet and other minute food substances 
while the gymnostomes, by reason of the distensibility of the oral 
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region are able to take in living organisms even larger than them- 
selves (see p. 178 and Fig. 161). 

In Suctoria, food-taking is of an entirely different type. Mouths 
are absent but food may be taken in through any one of the many 
suctorial tentacles. The body wall of a captive organism is cyto- 
lyzed at the point where the tentacle is in contact and the endoplasm 
of the prey either passes in a stream through the lumen of the 
tentacle, or the endoplasm of the captor enters the body of the 
victim and digests its endoplasm in situ (Maupas, 1883). Ten- 
tacles for adhesion are also present in Mesodinium (Mg. 163). 

While the vast majority of Infusoria are holozoic in food-getting, 
parasitic types may be holozoic, or saprozoic {Opalina). Proteins 
are digested by all and carbohydrates in some (Balantidium, 
Glaessner, see p. 186). 

Parasitism in Infusoria, as in other great groups of Protozoa, is 
widely spread and some of the adaptations to this end merit special 
consideration. The majority are apparently harmless commensals 
of digestive tract and body cavity; some, however, are more serious. 
Balantidium coli for example, causing acute enteritis in man and 
other mammals. Ectoparasitic forms may also be a source of 
trouble. Amphileptus branchiarum gets under the gill mantles of 
tadpoles and ingests groups of epithelial cells (Wenrich) ; others form 
peculiar arms by which they are anchored to gill bars (FAlnbiophrya 
dmacis, Chatton). In the main related forms are not strictly 
parasitic but are attached in gill chambers where a constant supply 
of food is assured. Special attaching organs, arising from specially 
modified cilia, are characteristic of holotrichous and of some peri- 
trichous forms. These are best developed in Trichodina (common 
on Hydra) where a special attaching organ termed the scopula is 
characteristic, while the two arms of ElUMophrya mentioned above, 
are interpreted by Chatton as representing a split scopula. Amongst 
the Holgtrichida, ectnparasitism is characteristic of the group 
which Chatton calls the Thigmotricha (1923). Here a portion of 
the posterior ciliated region termed the "thigmotactic area,” 
becomes modified as an attaching organ. It is an adhesive knob 
in Ancistrum, and a protrusible tentacle in llypocomidea and 
Hypocoma which Chatton, perhaps correctly, removes from the 
Suctoria to the Holotrichida. Tt is rudimentary in Playiospira and 
not at all evident in Boreria. Two types of feeding adaptations 
are evident in these forms. In one series the peristome and adoral 
zone become greatly enlarged forming a helicoid spiral in Boveria, 
Plagioapira, Jlemisjdra and Ancistrum, capable of drawing in food 
particles from a distance. In another series the oral apparatus 
becomes rudimentary or lost altogether, food substances being 
absorbed by osmosis through the general body wall or by tentacles 
only as in Hypocoma and Hypocomides. 
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Lumcn-dwelling forms have apparently undergone less degenera- 
tion than have ectoparasitic types. In the Opalinidee such degener- 
ation has been the most extreme. Here mouth and other oral 
structures are entirely wanting and nutrition is osmotic. In the 
majority of cases however, the peristome and mouth are retained 
while the cortex is often highly sculptured and fantastic as in the 
Ophryoscolecidse. 

The aberrant Opalinidse are parasitic in Amphibia. Not only 
are they astomatous but in certain characters they differ widely 
from other ciliates sq that they have been variously placed in 
classification. Hartog (1906) for example placed them with the 
Hypermastigida of the flagellates. Metcalf (1918, 1923) includes 
them as Prociliata and sharply marked off from the remaining 



Fio. 164.— A, Colepa hirtus; B, Opalina (?) ranarum. (After Btttschli.) 

< 

ciliates. In view of the adaptive changes brought about by a 
parasitic mode of life, it .seems more probable that they are degen- 
erate rather than primitive types. There are invariably two or 
more nuclei but the nuclei are identical with no indication of 
dimorphism (Fig. 164, B). In the nuclei, however, there are two 
kinds of chromatin according to L^ger and Duboscq (1904) and 
Metcalf (1909 and 1923). The latter distinguishes these types as 
“macrochromatin” and “microchromatin” the former in mitosis 
giving rise to band-form “macrochromosomes,” the latter to 
“microchromosomes” in apparently even numbers (from two to 
ten). The “macrochromatin” is regarded as functional in vegeta- 
tive life and, like the macronucleus of other ciliates, gives rise to 
chromidia (Nerescheimer) or otherwise fragments preparatory to 
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absorption in the cell. The “microchromatin” on the other hand 
is functional during sexiul phases. , From these considerations it 
would appear that the dimorphic nuclear conditions of ciliates 
generally is here represented by each nucleus, a parallel being the 
condition of nuclei in Bhphariama undulana (Calkins, 1912) where 
the macronuclei with micronuclei enclosed, arise by diffusion of 
chromatin from products of the amphinucleus (p. 69). 

In their sexual phenomena also, the Opalinidse differ from the 
majority of other ciliates. Individuals begin to divide rapidly with 
decrea.sing size until minute forms result with one, two or more nuclei 
according to species (Nerescheimer, Metcftlf). These encyst, the 
cysts passing out with the feces. Tadpoles ingest the cysts which 
open in the rectum giving rise to the same type that had previously 
encysted. These now multiply, ultimately forming macrogametes* 
and microgametes which fuse on contact. The zygote has one 
nucleus at first which later gives rise to the binucleated or multi- 
nucleated forms, although the exact manner has not been described 
(Metcalf, 1923). 

, Reproduction in ciliates generally is typically by binary cross- 
division and involves a renewal of motile organs, at least this is the 
case in forms with cirri, and MacDougall (1925) gives evidence to 
indicate that cilia also are similarly renewed. It thus results that 
motile organs of both products of cell division are proportionate to 
the size of the young individuals. Old metaplastids, as pharyngeal 
baskets, are discarded and are formed anew in both halves. Nuclear 
changes during division are quite varied, each species having its 
own peculiarities of macronuclear condensation and reformation 

(p. 112). 

Unequal division or budding while uncommon amongst ciliates 
is the chief method of reproduction among the Suctoria but also 
occurs in some Vorticellidae (Spirochona, etc.) . In Suctoria, budding 
is either external or internal, in the latter case the budding area is 
invaginated, the margins close over, and a brood chamber is formed 
from which the embryos escape when formed. 

Multiple division or sporulation is also uncommon in the Ciliata 
but occurs in some of the more generalized, and in some parasitic 
types. When it occurs it is usually under the protection of a 
temporary cyst (Colpoda, Ichthyophthirius). 

Sexual processes are practically universal in the group and the 
main features of the process are similar throughout. In most cases 
fusion is temporary and pronuclei are exchanged after which the 
conjugants separate. In some cases, Vorticellidae, fusion is per- 
manent and sexual dimorphism is the rule, in other cases such 
dimorphism is expressed by the pronuclei, but in most cases there ia 
no sex differentiation whatsoever (see Chapter XI). In Tracheh- 
cerca phcenicopterus, Ichthyophthirius muhifilius, and in Opalinidie, 
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the fertilization phenomena do not follow the usual routine of other 
ciliates, microgametes being formed and fusion being permanent. 

Conjugation always results in physical reorganization of the proto- 
plasm the old macronucleus is broken up and the fragments are 
absorbed in the cytoplasm while a new macronucleus and new micro- 
nuclei are differentiated from products of the first or second division 
of the amphinucleus after fertilization (see Chapter XI). A similar 
reorganization takes place at regular intervals of thirty days (P. 
aurelia) or sixty days (P. cavdatum) according to Woodruff and 
Erdmann (1914) who termed the phenomena accompanying this 
method of reorganization “endomixis (p. 540). In other types of 
ciliates similar asexual processes of reorganization take place under 
the protection of a cyst (for significance of reorganization see 
Chapter XII). 

The classification adopted here has been generally accepted, and 
with few changes, since the great work of Biitschli in 1888. We 
divide the sub-phylum into two classes of unequal size, mz., Ciliata 
and Suctoria. 

Class I. CIUATA, Butschu. 

The common features of the Ciliata have been outlined in the 
discussion above. The distribution and differentiations of the 
motile organs form the basis for division of the Class into five 
Orders: Holotrichida; Heterotrichida; Oligotrichida; Hypotrichida 
and Peritrichida. Motile organs are alike and but slightly differ- 
entiated in the Holotrichida where adoral zones are absent. A 
general covering of cilia, and with an adoral zone of membranelles 
in addition is the main characteristic of the Heterotrichida; in 
Oligotrichida body cilia are absent or greatly reduced but an adoral 
zone is present which as in Heterotrichida and in Hj'potrichida 
turns to the left from the mouth. In Hj’potrichida the motile 
organs are on the ventral surface and are highly differentiated. In 
Peritrichida an adoral zone which here turns to the right frpm the 
inouth alone is present in the ordinary vegetative condition. Fur- 
ther diagnotic features will appear in connection with the different 
orders. 

OUDEH I. HOLOTBICHIDA, Stein. 

Ciliates with generally uniform body cilia and without a special- 
ized zone of membranelles. Mouth normally present (absent only 
in Astomina) and with (Trichostomina) or without (Gymnostomina) 
oral membranes. The mouth may be terminal, subterminal or at 
any point on the ventral surface or right side, l^oboscis-bearing 
forms are common; spines, bristles and caudal filaments not uncom- 
mon; and pharyngeal baskets are highly developed in one family 
(Chlamydodontidse) . Nutrition is holozoic or parasitic (Astomina) ; 
reproduction, normally, is by transverse division. P)ncystment is 
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widespread. They are abundant in fresh-water pools, in brackish 
water, and more rarely, in salt water. Three sub-orders are 
recognized according to the nature of the mouth or its absence (1) 
Astomina, (2) Gymnostomina, and (3) Trichostomina. 

Sub-order 1. Astomina. 

Parasitic forms. See Key for genera. 

Sub-order 2. Oymnostomina, Butsculi. 

Ilolotrichs without undulating membranes in the oral region. 
The mouth is closed except during ingestion of solid food. In 
several genera longer cilia are present in the form of an oral circlet. 
The body is not always covered by cilia, which may be present 
only on one-half the body, limited to rather widely separated spiral 
rows, or to one side only. This group includes the most generalized 
forms of the Infusoria with what may be regarded as the original, 
terminal position of the mouth. The migrations of the mouth, first 
suggested by Biitschli with the correlated shifting of the longitudinal 
rows of cilia affords an interesting study in ciliate morphology. 
The mouth varies from a small terminal orifice in Hohphrya (Fig. 
166), Prorodon (Fig. 165, C, D, F, G) or Didiniuvt, to a slit occupy- 
ing the entire anterior end in Enchelya (Fig. 166, C). This slit is 
diagonally placed in Spathidium (Fig. 90, p. 181), drawn down on 
the side in Loxophylhm (Fig. 167), extended in a long slit down the 
ventral surface of Amphileptm and lAonotva (Fig. 167, A, B) and 
reduced to a small opening at the base of what may have been an 
elongated slit, in Dilejitus. In the Chlamydodontidie and some 
Chiliferida; it has shifted over to the right side while the left side 
is naked. Some forms are covered with a tightly-fitting cuirass 
made of sculptured plates, the cuirass dividing with division of the 
body in doleps, Ttarina, etc. (Fig. 164). 

Pscudopodia of the axopod type are present in addition to cilia 
in Dactyiochlamys and Myriaphrys, and plasticity and elasticity 
are strikingly characteristic of some types, the mouth region of 
Lacrymaria olor for example being capable of stretching out, snakc- 
like, a distance equal to three or four times the length of the body 
Fig. 76, p. 148). 

The Sub-order is divided in four families: (1) Enchelinidee, (2) 
Trachelinidte, (3) Chlamydodontid® and (4) Nicollellidte. 

Family 1. Enchelinide, Ehrenberg, Stein.— Generalized forms 
with most of the striking peculiarities of the Order; body spherical 
or ellipsoidal and with little distortion of the regular lines of cilia. 
Nutrition holozoic with deglutition of solid living organism^. Repro- 
duction typical of the Class. Common forms: 
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Fio. 165.— Types of Ciliata. A, Hoplxiophjrya lumbnct; B, Trachelocerca phteni- 
eopteris; C, Prorodan niveus; D, Prorodon farebua; Urotricka farcata; F, Prorodon 
teres; G, Prorodon armatus, (X, C, Z)» E, F, G, after Biltschli; B, after Calkins.) 


3. Adindbohts, with Ipng tentacles while at rest (Fig. 81, p. 154). 

4. Coleps, with cuirass of plates, posterior truncated, v th 

spines (Fig. 164). 






Fig. 166.--Type8 of Ciliata. A, Chcmia teres; after Calkins; B, Cyclotrichium 
ovatum, after Faur6-Fremiet; C\ Enchelys pupa^ after BQtschli; D, Holophrya gar^ 
gamdUB^ after Faur^-Fremiet; Holophrya discolor t and F, Opislhodon mnemiensis, 
(After BUtschli.) 






SPECIAL MORPHOLOGY AND TAXONOMY OF INFUSORIA 381 

5. Tiarina, with cuirass of plates posterior end pointed. 

6. Plagiapogon, longitudinal plates; without spines. 

7. Ckcenia, highly plastic; mouth circular; no proboscis (Fig. 

166, p. 379). 

8. Lacrymaria, with neck-like constriction bearing circlet of 

cilia (Fig. 76, p. 148). 

9. Trachelophyllum, very elongate; knob at end of neck-like 

region. 

10. Trachelocerca; flexible, with circlet of cilia, no constriction. 

11. Metacystis, similar to 10 but not flexible. 

12. Lagynua, anterior sharply truncate; body ellipsoidal. 

13. Enchelys, anterior sharply truncate; body flask-shape (Fig. 

166 , 9 . 

14. Spathidium, mouth an oblique slit occupying entire anterior 

end (Fig. 90, p. 181). 

15. Monodinium, cilia reduced to one girdle about proboscis 

(Fig. 75, p. 146). 

16. Didinium, cilia reduced to two girdles (Fig. 88, p. 179). 

17. Bahnitozoon, cilia absent from posterior third of body. 

*18. Meaodiniuvi, one central girdle of cilia (Fig. 163, p. 372). 

19. Pelamorpha, test-dwelling; body with posterior filaments. ' 

20. Urotricha, uniformly ciliated with caudal bristle (Fig. 165, /^). 

21. Myriaphrya, with cilia and axopodial pseudopodia. 

22. Dadyhwhlaniys, cilia and lobopodia; sapropelic. 

For other (ienera .see Key. 

Family 2. Trachelinidss, Ehrenberg, Stein.— Generalized forms 
with a uniform coating of cilia and with the anterior en*l drawn out 
in the form of a proboscis. The mouth may be a slit on the ventral 
side of the proboscis or a circular opening on dorsal {Trachelviis) or 
ventral surface {DUeptus, etc.). Reduction of cilia confined to com- 
paratively few forms (Lionotua, Ijoxophyllum). Figures pages 378, 
379,380. ■ 

Cmn/lion Genera: Ixatodea, with an indefinitely indicate<l probos- 
cis; Tracheliiia, with a short and abrupt prolioscis: Jjwnotua and 
Amphileptua with the mouth in the form of an elongated slit extend- 
ing the entire length of the proboscis; Dileptua with circular mouth 
at the base of the proboscis, and LoxophyUtm with flattened body 
and short slit-like mouth, and without definite proboscis. 

Family 3. Chlamydodontlda, Stein, Butschli.— Generally flattened 
forms with cilia reduced to the right side which, bearing the mouth, 
is the functional ventral side. The mouth is surrounded by a 
basket-work of trichites the bases of which extend deeply into the 
endoplasm. 

Common Genera: (For other genera see Key.) 

1. Naaaula (Fig. 13, p. 35), body ellipsoidal or only slightly 

flattened. 
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2. Opiathodm (Fig. 166, p. 379), flattened; mouth near posterior 

end of the body. 

3. CMamydodon, flattened with hyaline band running around 

the margin. 

4. Orthodon (Fig. 83, p. 158), flattened with mouth on right 

side of anterior angle. 

5. Chilodm, (Fig. 106, p. 225), flattened with mouth near center 

of right side. 

6. Trichopus, with a ciliated brush as a caudal appendage. 

7. Dysteria, with spine-like process and narrow ventral surface. 

8. Phascolodon, with spine-like process and broad ventral 

surface. 

9. Mgyria, with spine; uniform cilia on ventral surface. 

10. Scaphidiodon, with spine; dorsal ridge or keel prominent; 

ventral bands. 

11. Trochilia, with spine; ventral cilia in bands; no dorsal keel. 
Family 4. NicoUellidts.— -Parasitic forms of African rodents. 


SuB-OBDER 3. Trichostomina. Butschu. * 

In these forms the mouth is permanently open and providetl with 
one or more undulating membranes which run into the gullet or 
border the mouth. The majority are free-living but some are para- 
sitic. The cilia are rarely reduc^ but usually cover the body. In 
the genus Urocentruvi, however, they are limited to a zone in the 
anterior half and a larger broader zone in the posterior half. A 
well-marked perustomial depression is frequent, and a spiral twisting 
of the body characteristic. The undulating membranes are narrow 
and inconspicuous for the most part but in some cases form great 
balloon-like sails used apparently, for the trapping of food {Pleuro- 
nema, Jjembadion Fig. 169, p. 385), Pkurocoptea, etc.).- 

Six families are recognized, one, however, consists of the single 
genus Urocerdrum (Urocentridse, jPig. 168, B). The others, with 
their typical genera are; 

Family 2. Chiliferidts, Biitwhli.— Here the body is uniformly cili- 
ated and has no peristomial furrow. The mouth is in the anterior 
half of the body which may be flattened, ovoidal, ellipsoidal, cigar- 
shape or kidney-shape. The genera are: 

1. Lencophrys, mouth the entire anterior end, body flattened, 

flask-shape. 

2. Glaucoma (Fig. 168, E), ellipsoidal; mouth triangular; two 

oral membranes. 

3. Ophryoglcna (Fig. 168, A), ellipsoidal; mouth circular or cres- 

centic, subtermirial. 

4. DaUasia (Fig. 168, B), cigar-shape; mouth subterminal. 
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Fio. 168. — Types of (yiliata. Ophryoglena flam; Dallasia fronlina; C, Fron- 

tonia acuminata; Z>, Urocentrum turbo; E, Glaucoma sp.; F, Loxocephalua granulosua, 
(i4, C, D, and F, after Btitschli; from Conn after Stokes; E, original.) 
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5. Frontonia (Fig. 168, C), ellipsoidal; elongate mouth with 

furrow running posteriorly. 

6. Loxocephahis (Fig. 168, F), mouth in anterior half; with 

caudal spine. 

7. Uron&ma, with caudal cirrus; mouth with marginal mem- 

brane. 

8. Phums, with caudal cirrus; membrane cross-striped, plaid- 

like. 

9. Colpodopsis, body kidney-shape, with caudal bristle. 

10. Plagiopyla, peristomial furrow very narrow and transverse. 

11. Tillina, spheroidal with posterior, pigmented, dorsal lobe. 

12. Colpoday body distinctly kidney-shape; oral region deeply 

insunk. 

13. Colpidium, elongate; dorsal side arched, oral region shallow. 

14. ChasmataMoma, elongate; dorsal side flat, oral region shallow. 
(See Key for additional genera.) 

Family 3. MicrothoracidsB, Wrzesniowsky.— These forms are small 
for the most part and frequently of peculiar shape— lens, sickle, 
-triangle, etc. The body is compressed except in the cases of 
Boveria and Plagiospira and accessory bristles are frequent, 'f'he 
main genera are: 

1. Andsirum, with a tuft of anterior anchoring cilia. 

2. Boveria, with short peristome; body cylindrical. 

3. Cinetochilum, body lens-shape, obliquely truncate posteriorly. 

4. Drepanomonasy body crescentic or sickle-form. 

5. Mwrothorax (Fig. 170, A), mouth small, posterior in position. 

6. Plagwepira, peristome long and spirally wound. 

7. Ptychokomumy form triangular. 

Family A. PleuronemidsB, Biitschli.— Forms with general clothing 
of long cilia with a tendency to longer and more powerful cilia in 
the anterior region. The main characteristic is the presence of one 
or more powerful undulating membranes which may be folded into 
the peristome on the left anterior side. The typical genera are: 

1. Bhpharostoviay with one pseudo-membrane (close set cilia). 

2. Calyptotrichay tube or jelly-dwelling; no long anterior cilia. 

3. Cyclidium (Fig. 169, p. 385), narrow peristome; one balloon- 

like membrane; with caudal filament. 

4. Cyriohphosisy tube- or jelly-dwelling; anterior tuft of long 

cilia. 

5. Lembadwn (Fig. 77, p. 149), peristome very broad; three 

undulating m'embranes; with or without caudal filament. 

6. Lernbvs (Fig. 170, C), two pseudomembranes; with caudal 

filament. 

7. Pleurocaptesy ectonarasitic on hydroids; no caudal filament 

and without balloon-like membrane. 

8. Pleuronema (Fig. 169, C), no caudal filament; with one 

balloon-like membrane. 



Fio. 169. — Types of ciliates. A, Cydidium glaucoma; B, Lemhadion hullinum; 
C, Pleuronema chryaalia. (A, C, after Calkins; B, after BUtschli.) 



Fio. 170. — Types of Ciliata. A, Microthorax aulcatua; JJ, Paramecium putrinum 
C, Lemhua pusiUua; D, Paramecium buraaria, (A, B^ D, after Biltschli; C, after 
Calkins.) 
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Family 5. Paramecids, Biitschli.— Up to the present including 
only the genus Paramecium of which the common forms P. caudatum 
and P. aurelia are elongate and dgar-shape with a spirally-wound 
peristome and a gullet in which a single undulating membrane lies. 
P. ptdrinvm is shorter, more plump, and lacks the spirally wound 
peristome. P. hursaria is flattened somewhat kidney-shape, has 
one micronucleus, and is usually well supplied with symbiotic 
Zoochlorella. P. calldnsi is similar to hursaria but has two micro- 
nuclei and lacks the symbionts. Star-shape contractile vacuoles and 
canals present in all. 

Family 6. IsotriehidsB, Biitschli— These are parasitic ciliates with 
thickened peripla.st and with a general and dense covering of cilia. 
They live, probably as commensals, in the fore-stomach of rumin- 
ants. 

(See Schuberg, 1888, or Eberlein, 1895 for genera.) 

Order II. HETEROTBICHIDA, Stein. 

In this and the following Orders of ciliates the peristome bears 
on its left margin, a row of differentiated aggregates of cilia termed 
membranelles the row being known as the adoral zone. In this 
Order the adoral zone is wound to the left and the body is covered 
with a coating of fine cilia which, however, as in Holotrichida, may 
be variously reduced. The varying forms of the body are due, in 
the main, to modifications of the frontal field which may be at 
right angles to the long axis of the body (Stentoridse and Bursaridre) 
or parallel with it. These differences form the main basis of divi- 
sion into families as follows; 

Family 1. Plagiotomidss, Clap, and Lach., Butschli.— In this 
family the peristome and frontal field is characteristically narrow 
and elongate with the adoral zone running from the anterior end to 
the mouth near the center of the Iwdy. Typical Genera: 

1. Conchophthirius, body laterally compressed; anterior rounded. 

2. Blepharisma (Fig. 174, p. .391), color usually pink; peristome 
straight; pointed at end. 

3. Helicostoma, peristome oblique with spiral gullet. 

4. Metojnia (Fig. 171, B), body distinctly twisted; not contractile. 

5. Nydotherus (Fig. 171, C), parasitic; form oval to bean-shape. 

6. Plagiotoma, parasitic(?); anterior pointed, posterior truncate. 

7. Porpostoma, body not twLsted nor compressed; two crescentic 
oval lips. 

8. Spirostmmm (Fig. .30, p. 70), body very long, band-form and 
highly contractile. 

Family 2. Stentoridss, Stein.— In this family the frontal field is at 
right angles to the long axis of the body, or in Climacostomum at a 
marked angle with such axis. In some genera the frontal field is 



SPECIAL MORPHOLOGY AND TAXONOMY OF INFUSORIA 387 

drawn out into arms or processes. The mam>nucleus is almost 
always beaded. Typical genera are: 

1. ClwMcostomum (Fig. 56, p. 107), with flattened body; frontal 
field at an angle. 

2. Fabrea, body pear-shape, widest at the base; attached. 

3. FoUicidimi (Fig. 84, p. 160), frontal field drawn out into arms; 
attached ; tube dwelling. 

4. Stentor (Fig. 74, p. 145), body trumpet-shape when expanded. 





Fig. 171. — Typos of Ciliuta. A, Condylostoma patena; B, Afctopus siamoidcR; 
C, Nyctothcrus cordiformis. (A, after Calkins; B, C\ after Htttsehli.) 


Family 3. Gyroeorycids, Stein.— A family created for the recep- 
tion of the single genus Ccenoviorpha of Ferity (= Gyrocoris, Stein), 
with characteristic bell-shape body and manubrium-like tail or 
process; a second genus TrocheUa of Penard has been added. 

Family 4. Bursaridte, Stein.— In thb family the peristome is wide 
and usually deeply insunk. The representatives are either free- 
living or parasitic; of the latter Bakmtidiojms is laterally com- 
pressed and the peristome inconspicuous, while in Balantuli-wm the 
body is oval or ellipsoidal, and the peristome only slightly insunk. 
Of the free-living forms Bvraaria has a peristome so deeply insunk 
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as to give to the body the effect of a bag or sac.. In Condylostoma 
the peristome is triangular and the peristome is only slightly 
insunk (Figs 84, p. 160; 171, p. .387). 

Family 5. Ctenostomida, liauterbom.— The genera of this family 
—Discomorpha, Saprodinium, Pelodiniiim and Epalris— are pecu- 
liarly modified forms typical of the sapropelic fauna. The body is 
laterally compressed and asymmetrical and the cilia are reduced 
while spines and a peculiar comb-like structure above the mouth 
distinguish them from all other cili^tes. 


Obdeh III. OUOOTBICHIDA, BtirsciiLi. 

The organisms included in this Order have greatly reduced cilia 
or none at all, combinations into membranelles being the sole 
motile organs. The adoral zone forms a nearly or quite complete 
ring around the margin of the peristome which is usually at right 
angles to the long axis of the body. Of the three families included 
one consists of parasitic forms (Ophryoscolfcidse) and two are free- 
living and usually pelagic (Halteriidae and Tmtinnida:). 

Family 1. Ralteriidn, Clap, and Lach.— Small organisms with 
the characteristic adoral zone of the Order and with no cilia on the 
peristome which is usually arched. The pellicle is hardened into 
a test in the genus Lahcea and a zone of protective trichites is 
present in some species of Stromhidiuvi. Spines, cilia and cirri are 
generally absent in these two genera but are present in the genus 
Halteria (for Genera see Key). 

Family 2. Tintumidn, Clap and Lach. emend.— These are small 
pelagic forms, usually marine, with frequently highly sculptured 
tests and spinous processes. Some forms have a few scattered 
rows of cilia down the body but for, the most part cilia are absent. 
(For genera see Key.) 

Family 3. OphryoscolecidsB, Stein.— Parasitic forms of fr^uently 
fantastic shape with a thick periplast and a retractile peristome; 
cilia are generally absent, the adoral zone is a complete circle and 
in some forms there is an additional ring of membranelles apart 
from the peristomial apparatus. The posterior end is often drawn 
out into spines and processes of peculiar shape and arran^ment. 

The genera Entodinium and Cycloposthivm have but one circle 
of membranelles, the former with posterior spines, the latter with 
two bundles of latero-posterior appendages. The genera Ophryo- 
scolex and Diplodinium have two circlets of membranelles, the 
second circlet forming an incomplete ring posterior to the adoral 
zone in Ophryoacolex, and. a complete ring on the dorsal side in 
Diplodinium. (For genera see Key.) 
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Order IV. HYPOTBICHIDA, Stein. 

The dilates induded in this Order belong to the most highly 
differentiated, forms of the Protozoa. Except for some species 
belonging to the more generalized types {e. g., Uroleptua tnabUis) 
they are flattened dorso-ventrally and bear motile organs only on 
the ventral surface. Tactile organs may be present on the dorsal 
side but these are not used for locomotion. They may be easily 
distinguished from the laterally>flattened Holotrichida (Chlamydo- 
dontidte) by the presence of a usually powerful adoral zone of 
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Fig. 172.— .4 , Stephanopogon colpoda; Peritromus emmce; C, Onycliodromus grandia, 
c, Cirri. (From Calkins after BiitHchli.) 

membranelles which is spirally wound to the left. The frontal 
field is usually triangular and bears in the more complex types, 
one or more undulating membranes. The genera and species offer 
an excellent opportunity for the study of comparative anatomy 
through homology. Thus the most generalized forms, represented 
by types such as Peritromus have no other motile organs than the 
dose-set rows of ventral cilia of uniform size, and the adoral zone 
of membranelles (Family Peritromidae) (Fig. 172). In other types 
localized areas of cilia are represented by cirri, the origin of which 
is generally attributed to the fusion of adjacent cilia. Such areas 
give rise to regional groups of cirri known as frontals, ventrals, 
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laterals, anals and caudals and there is a reduction in the number of 
imiform ventral cilia corresponding to the increased number and 
complexity of the drri. Thus frontals appear as the only differenti- 
ated motile cirri in some species of the Uroistylidse, frontals and anals 
in other species, while the remainder of the ventral smface is clothed 
with uniform cilia. Cirri are increased and ventral cUia further 
reduced in the Family Pleurotrichidte, and 
ventral cilia are entirely lost in the family 
Euplotidee and in Aspidiscidee. 

Tlie hypotrichs are rarely parasitic (Kerona 
on Hydra): & few are tube-dwelling (Sticho- 
tricha, Fig. 173), but the great majority are 
bottom feeders with characteristic creeping 
movement on their cirri, or with sudden 
springing movement due to the activity of 
the usually more powerful anal cirri. 

Nuclei are usually multiple, two macro- 
nuclei and two micronuclei being the rule; 
conjugation and encystment occur in <all 
forms, and, so far as known, reorganization 
is characteristic of both phenomena. Cysts 
are frequently ornamented by numerous 
spines. The six families are distinguished, 
in the main, by the arrangement and special- 
ization of the ventral motile organs. 

Family 1. FeritromidsB, Stein.— Flattened 
forms with coating of uniform and imdiffer- 
entiated cilia on the ventral smface; the 
adoral zone follows the anterior margin. 
One genus— PerUromus, Stein Fig. 172, B). 

Family 2. Urostylids.— This group differs 
from the more generalized Peritromtia in the 
differentiation of the frontals while anal cirri 
may or may not be present. Ventral cilia 
are present in all forms. Some are ecto- 
parasitic (e. g., Kerona pedicidua, Fig. 79, 
Fio. 173 .— siiOotr^a qjj Hydra) but the majority are free- 

hypojtrichous ciliate. hvmg m stagnant water. Characterise 
(Original.) genera are given below; see Key for full list. 

Anal cirri are present only in the genera: 

1. Amphiaia (Fig. 175), with 2 to 3 rows of ventral cilia, 2 mar- 
ginal rows. 

2. Uroalyla, with 5 to 7 rows of ventral dlia, 2 marginal rows. 
Three to several frontal eirri, but no anal cirri are present in: 

3. Trichogaater, with ventral surface covered with fine dlia.' 
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4. Vrolephu (Fig. 1, and Rg. 105, p. 222), with 4 or 5 rows of 
ventral cilia, no caudal bristles. 

5. StrongylidiuTn, 4 to 5 rows of ventral cilia; with caudal 
bristles. Differentiated frontal cirri are absent in: 



Fia. 176 .— Types of Ciliata. A, Gaslroatyla steinii; B, Euplotea vannus; C, Pleuro^ 
trieha laneeolata; D, Pailotricha acuminata, {A, B, after Calkins; C, D, after Stein.) 


6. Epiclinies (Fig. 174), dlia rows straight; . body with neck and 
tail. 

7. Holosticha, cilia rows stnught; body without neck or tail. 
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8. Stichotricha (Fig. 173), cilia rows spiral; often tube-dwelling; 
peristome long. 

9. Sparotricha, dlia rows spiral; peristome half the length of 
proboscis. 

Parasitic; rows of cilia spiral. 

10. Kerona. 

Family 3. Pleuiotrichidte, Biitschli.— In these forms the anal cirri 
are invariably present with from 5 to 8 frontal cirri and 1 or 2 
rows of marginal cilia. Ventral cilia may be present in broken rows. 

The posterior end is tail-like in the genus: 

1. Uroaoina, in all other genera a distinct tail is absent. 

The peristome is very narrow in the genera : 

2. Aciinotricha, with 5 anterior ray-like spikes (membranelles). 

3. Gonostomum, no anterior spikes; with 3 caudal cirri. 

The peristome is wide in the genera: 

4. Gastrostyla; with flexible body, broken rows of ventral cilia. 

. 5. Oxytricha (Fig- 175), with 8 frontals, 5 ventral cirri, and short 
caudal cirri. 

6. Stylonychia; marginal cilia broken posteriorly; 3 caudal citp. 

7. Pleurotricha (Fig. 176); marginal cilia unbroken posteriorly; 
anals 3 and 2. 

8. Onychodromua (Fig. 172); both ends truncate; 5 anals in line; 
large forms. 

9. Histrio (Fig. 175), marginal cilia unbroken; 5 anals in line; 
small forms. 

Family 4. PsUotiichidtB, Biitschli.— Here the frontal and ventral 
cirri are much reduced and ventral cilia are entirely absent. In the 
genus Balladina there are heavy bristle-like marginal cirri and one 
row of ventral cirri, while in the genus Psihtricha (Fig. 176, D) 
there is no regularity in the arrangement of cirri which are scattered. 

Family 5. Euplotidte, Ehrenberg, Stein.— In this family cilia are 
entirely replaced by cirri in regular arrangement of frontals, mar- 
ginals, ventrals and anals, the latter in some cases becoming highly 
developed and powerful, uniting with ventrals or caudals to form 
a complex series of springing organs. Giant cirri are not developed 
in the genera: 

1. Certeaia, with 11 left marginal cirri, and 11 frontal-ventral 
cirri. 

2. Euplotea (Fig. 176), with 4 cirri on the posterior margin and 
9 to 10 frontal-ventral cirri. 

Giant cirri are present in the genera: 

3. Diophrys, with 3 giant posterior, and 7 to 8 frontal-ventral 
cirri. 

4. UronycMa (Fig. 107„p. 225), with 7 to 9 giant posterior cirri. 

Family 6. Aspidiaeidts, Stein.— In this family the individuals are 

comparatively small and are characterized by a peculiar sculpturing 
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on the ventral siurface whereby a shoulder-like ledge bounds the 
cirri-forming area on the right side. In the genus Onychaspis (Fig. 
80, p. 152), the cirri are brush-like aggregates of loosely associated 
cilia directed at right angles to the long axis of the body and the 
peristome begins at the middle of the left margin. In the genus 
Aspidisca, the cirri are directed parallel witli the long axis; the 
anals are numerous (from 5 to 12) and the peristome begins at the 
anterior end. 

Order V. PEBITBICHIDA, Stein. 

The adoral zone of membranelles of a heterotrich or of a hypo- 
trich from the gullet, turns to the left if viewed from the ventral 
or peristomial side but in the Peritrichid*e, with few exceptions, 
the adoral zone if viewed from the ventral side, turns to the right. 
How this peculiar reversal came about is a matter of speculation. 
Butschli and Faur^Fremiet have, attempted to explain it on a 
phylogenetic basis and at the same time to account for the apparent 
longitudinal division of forms like the Vorticcllidse. The former 
interpreted the reversal as an adaptation of a flattened hypotrichous 
form in which the ventral surface serves for attachment while the 
peripheral region of the adoral zone becomes turned over on the 
dorsal side. The functional ventral surface would thus be the 
morphological dorsal surface and the attaching surface the morpho- 
logical ventral surface (Trichodina for example). In the Vorti- 
cellida! the ventral surface becomes drawn out into an attaching 
stalk and the body becomes elongated in the dorso-vcntral plane. 
Division therefore in a morphological sense, would be transverse 
rather than longitudinal. Faur5-Fremiet’s (190.')) explanation is 
based on forms like Ancistrum, Hemisjnra and other holotrichs 
with an area of attaching cilia (thigmotactic area) and with the 
tendency of mouth and peristome to turn upward. 

As a rpsult of an attached mode of life, colony formation, unique 
amongst ciliates, is characteristic of the Vorticellidffi. Here, also, 
under conditions as yet unknown, the individual cells may leave 
their stalks after developing a girdle of posterior cilia and swim away 
as solitary individuals. Except for this temporary ciliated girdle, 
body cilia are rarely present but are characteristic of Trichodinojma 
and Ilemispira. Houses or tests are present iii all species of Cothur- 
nina, but are generally absent in other groups. 

In their sexual phenomena the Peritrichida differ in some import- 
tant respects from other ciliates. In the majority of cases in which 
fertilization processes have been worked out, dimorphic gametes are 
formed and fusion is complete and permanent. Mutual fertilization 
is thus absent and corresponding changes in the maturation phenom- 
ena are introduced (see Chapter XII). 

The great majority of Peritrichida are placed in the family Vorti- 
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cellidee and are typically attached forms with or without prolonga- 
tions of the posterior ends in the form of stalks. Such stalks may 
or may not contain prolongations of the neuromotor apparatus and 
are correspondingly either, highly contractile or rigid. The two 
other families are represented by very few genera, as follows: 

Family 1. Sinroehiiinida, Stein.— Here the peristomial area with 
the adoral zone of membranelles is spirally rolled. Individuals 
are sessile with or without a stalk. The genera are: 

1. Chilodochma, with stalk and with membrane about the joint 
of stalk. 

2. Spirochona, joint of stalk not provided with membrane, and 

3. Spirochonopsia (questionable). 

. Family 2. liclmoplioridsB, Biitschli.— The single genus of this 
family lives an ectoparasitic life usually on the eggs of marine 
animals (Crepidula, etc.). The organisms are attached to the egg 
by a disc at the posterior end of the ventral surface; the peristomial 
region is enlarg^ and the portion of the body between it and the 
attaching part becomes drawn out or very much twisted with the 
activity of the peristomial region bearing the mouth which may t\im 
in any direction. One geiais—IAchnophora. 

Family 3. Vortieellidse, Ehrenberg, emend Biitschli.— This is not 
only the largest group of the Beritrichida, but of all ciliates, the 
accepted classification of the group is the least satisfactory and a 
revision is greatly to be desired. There are two sub-families— Urceo- 
larinse and Vorticellinse, the former characterized by the presence 
of a posterior girdle of cilia which may be transformed into an attach- 
ing disc, and by the absence of the peristomial trench which is typical 
of the Vorticellinse. 

Sub-family URCEOLARiNiB.— These are very aberrant Peritrichida 
and are placed here only provisionally. Particularly questionable 
forms are those with a complete coating of cilia ( Trichodinopaia) or 
with spirally wound rows of cilia on the body and a substitution of 
one or two huge undulating membranes for the adoral zone of mem- 
branelles {Hemiapira). The genera provisionally included are: 

1. Trichodinopaia, with the surface of body covered with cilia. 

2. Hemiapira, with rows of cilia; undulating membrane replaces 
adoral zone. 

3. Hemiapeiropaia, no cilia; two concentric membranes replace 
adoral zone. 

4. Trichodina, ectoparasitic; girdle of cilia at posterior end. 

5. Cyclochceta, parasitic; girdle of erect bristles external to pos- 
terior cUia. 

Sub-family Vorticellin.£, BUtschli.— This large and inade- 
quately characterized group is further subdivided into three “Tribes” 
according to the presence of a test or house which is present in 
Tribe Cothumina, absent in the other two. ‘ The latter are sepa- 
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rated according to the presence (Contractilia) and ^e absence 
(Acontractilia) of contractile elements in the colonial or individual 
stalks. 

Tribe 1. Cothumina, Butschli.— Forms witli tests or houses which 
may be sessile or borne on stalks and which are always erect, genus 
Cothumia. 

Forms with tests or houses which are recumbent or attached by 
the entire side, never erect. Two genera Lagemyhrya and Vtigini- 
coUa. In the former the peristomial disc is raised on a neck-like 
base and may be lowered as a lid or operculum. In the latter the 
peristomial area is not .thus separated from the body by a neck. 

Tribe 2. Contractilia, Biitschli.— Here the stalks contain highly 
contractile myonemes which, in colonial forms may form a con-, 
nected system of contractile threads throughout the colony {Zoo- 
thamnium) so that the entire colony contracts; or the contractile 
elements may be confined to the stalks of the individuals of the 
colony so that the colony does not contract hpt the individuals 
composing it do (Carchesium). In the third genus, VorticeUa, the 
individuals are not united in colonies, each is solitary and contracts 
on its own attached stalk. 

Tribe 3. Aconiractilia, Biitschli.— This group is the richest in 
number of genera but more limited in number of species than the 
Contractilia. The stalks when present are never provided with 
myonemes and are correspondingly rigid. Colonial aggregates 
are frequent. 

The following genera are colonial: 

1. Ophrydium, individuals are green through the presence of 
symbiotic forms, and embedded in jelly; the colonies are spheroidal 
and vary in size from ^ inch or less, to 3 feet in diameter. Fresh 
water. 

2. Opercularia, colorless colonies branching in one plane; the 
individuals have a peristomial lid or operculum as in Jjigenophrya 
borne on*a neck. 

3. Epistylia, similar to Opercularia but the individuals lack the 
neck-like constriction, the peristomial region is similar to that of 
VorticeUa (Fig. 210, p. 502). 

The following genera are solitary: 

4. AatyUaoSn, Ihee-swimming forms without stalk; with two pos- 
terior bristles. 

5. G^da, creeping forms, broadest at the posterior end and ringed. 

6. Scyphidia, cylindrical and cross-ringed forms with attaching 
disc. 

7. Rhdbdoatyla, with short stalk, Vorticella-Vikc, but non-con- 
tractUe. 

8. Gloaaatella, simUar to Rhabdoatyla but with enormously devel- 
oped undulating membrane. 
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CiAss II. 8UCT0BIA, Butschli. 

(Also called TentacuUfera or Jdnetaria). 

In one interesting genus of the Suctoria— ffypocoma— the ventral 
surface bears a coating of permanent cilia (Chatton regards this form 
as an aberrant holotrich see p. 373). In all other genera cilia are 
confined to the buds or embryos during their free-swimming stages 
and are lost with the acquisition of tentacles and development of 
the attaching disc or the stalk. The individuals of the group are 
characteristically sessile and are attached to foreign objects usually 
by stalks which are short or long, slender or clumsy, but invariably 
rigid. Floating or suspended forms are exceptional (SphcBrophrya). 
Tentacles are always present (a single one in Hypocoma) and may 
be of two kinds, one suctorial, the other sharp-pointed and adapted 
for piereing (Ephelotidse, Fig. 163, p. .372). The general form of 
the body is highly varied, sometimes spherical, spheroidal or ellip- 
soidal; sometimes tetrahedral, occasionally branched and ramifying. 
Houses or tests are frequent. The tentacles may be distributed all 
over the body or may be confined to limited regions. Reproduction 
occurs by equal division or by budding, the latter being the more 
charaeteristic method. Budding may be either exogenous, i. e., 
superficial, or endogenous. In the latter case one or more buds 
may be formed in the protoplasm about one or more micronuclei 
and a part of the macronucleus (Fig. 1 1 2, p. 231) ; these buds develop 
cilia in the brood pouch covered over by the anterior cell wall, and 
when fully formed pass out of the birth opening as ciliated embryos. 
After a swarming stage of variable duration they become attaehed 
and metamorphose into the adult form, or they enter other Protozoa 
where as parasites they live until metamorphosis occurs. 

Fertilization processes have been worked out in but few forms. 
In Dendrocometes conjugation follows the general plan of conjuga- 
tion in the ciliates, but, as in the ciliate Amyploj)hrya bra/tchtarum, 
there is an interchange of macronuclei as well as of micronuclei. 

Classification of the Suedoria is .still imperfect very little having 
been done in this direction since Collin’s masterly monograph (1911) 
on these forms. We follow Collin in grouping them in eight families 
as follows: 

Family 1. Podophryidse.— In these forms the body is monaxonic 
with a tendency to bilateral symmetry. Tentacles are of the 
suctorial type only distributed over- the entire body or grouped in 
fascicles. The cells are naked or enclosed in tests which may be 
either delicate and close-fitting with an almost invisible rim, or 
coarse, loose-fitting with a conspicuous rim. Individuals are 
usually free-living but may be parasitic. Reproduction is by divi- 
sion or by exogenous budding. 
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The following genera are naked: 

1. Podophrya, normally with stalk, and attached (Fig. 91, 
p. 185). 

2. Spheerophrya, without stalk, free-swimming (suspended) or 
parasitic. 

The following genera are provided with tests: 

3. Paracineta, with close-fitting delicate test, rim invisible. 

4. Metadneta, with coarse test, rim distinct, tentacles in fascicles. 

5. Umula, with coarse test, rim distinct, tentacles 1 to 3 in 
number. 

Family 2. Aeinetidee.— In these forms also the body is monaxonic 
tending to bilateral symmetry. Tentacles of one type only (suc- 
torial) are present and the individuals are either nak^ or enclosed 
in cups or tests, and are with or without stalks.- lleproduction is 
by division or by internal or endogenous budding. Frequently ecto- 
parasitic on the gills of fresh or salt water animals, or on other 
Protozoa; some forms are endoparasites, and are devoid of stalks 
and tentacles. 

The following genera are parasitic: 

* 1. Endosphcera, without stalk or tentacles; endoparasitic in other 
Protozoa. 

2. Taehyblaston, ectoparasitic on KpheUda. 

3. Psetidogemma, ectoparasitic, stalks embedded in Acineta or 
Paracineta. 

The following genera are free-living; attached; with or without 
stalk. 

4. Dactylophora, with 12 to 15 finger-form processes each with 
sucker. 

5. Tokophrya, tentacles in fascicles; body in form of inverted 
pyramid. Stalked. 

6. Hallegia, tentacles in fascicles; form variable; no stalk. 

7. Acineta; with membrane-like test without free margin; ten- 
tacles anterior. 

8. Solenophrya, test cup-like with free margin; attached by base 
of cup. 

9. Periacineta; test cup-like, attached by narrowed, stalk-like 
base. 

10. Acinetopsis; cup polyhedral with stalk, 1 to 6 central ten- 
tacles. 

11. Thecacineta; test with free margin, stalked, tentacles apical 
and distributed. 

Family 3. DUeopbrjida.— In these forms the pellicle is coriacious 
and tough as distinguished from the delicate pellicle of the pre- 
ceding family which they resemble in other respects. Reproduction 
is by endogenous budding. The tentacles may be greatly reduced 
in number and variable in form, some with expansile suctorial tips, 
others with swollen bases. 
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Hie following genera have only j>ne primary tentacle: 

1. Rhynehophrya, with stalk and wi^ 1 or 2 secondary tentacles. 

2. Rhynch^, no stalk, attachment by protoplasknic body, 1 
tentacle (?). 

The following genera have many tentacles: 

3. Thaumatophrya, tentacles conical with enlarged bases. 

4. Diacophrya, except for coriadous membrane sinular to Acineta. 

5. Choanophrya, tentacle, expanrile at extremities for food taking. 

Family 4..Dendro8omida.— The individuak included in this 

family are highly variable in form frequently with a creeping proto- 
plasmic stolon and with a well mark^ tenden(y to branch; stalks 
are exceptional. Tentacles are of one type only (suctorial). Fre- 
quently ectoparasitic. 

1. Rhabdophrya, body not brandied, cigar- or rod-shape; with 
stalk. 

The following genera are not stalked but the body is attadied: 

2. Trichophrya (Fig. 91, p. 185), ectoparasitic, tentacles in 
fascicles, no branches.- 

3. D^roaoma (Fig. 159, p. 368), with basal stolon, erect branches 
bearing tentacles. 

4. LemtBophrya, base with short unbranched processes bearing 
fascicled tentacles. 

The following genera have no stalks and are unattadied: 

5. TdrerdropAfya, body tetrahedral in form. 

6. Staurophrya, body with 6 processes of like character. 

7. Aatrophrya, body with 8 radiating processes each with a 
fasdde of tentades. 

Family 5. Dendzoeometidm.— These are forms with somewhat 
specialized processes termed "arms” which may or may not be 
branched. They are attached forms with tentades of one ^d only. 

1. Dendrocometea, with brandied arms, eadi branch with one 
sucker. 

2. Stylocometea; with simple, unbranched arms. 

Family 6. Ophiyodeiidiida. —In this family, with only one genus— 
Ophryod^ron—aa arm-like process is still further differentiated 
to form a retractile proboscis which bears the suctorial tentades. 
Little is known of Ihe life history. 

Family 7. SiihdottdtB.— The only forms of Suctoria vdth two 
types of tentades— suctorial and pr^ensile or pierdng— are induded 
in this family. They are naked or cup-bearing and are with or with- 
out stalks. Reproduction is by external budding. Usually para- 
sitic on marine animals particularly hydroids. Sexual processes 
are unknown. 

1. Ephekta (Fig. Ihl, p. 230), without test <x cup, with or without 
stalks; usually on hydroids. 

2. Podo^athua, with test and stalk. 
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Family 8. B[ypocoinid».— The one genus in this family, 
coma, differs from all other Suctoria in having permanent cilia and 
a definite ventral surface bearing one tentacle in addition to the cilia. 
This form if not a degenerate holotrich may be interpreted as a 
stage of arrested development of a ciliated embryo which has 
developed a suctorial tentacle and has become permanent. An 
earlier interpretation explained it as a transitional form between 
the ciliates and the Suctoria. 

KEY TO GENERA OF INFUSORIA. 

With simple or compound cilia during vege- 
tative life Class 1. Ciliata 

Adults with tentacles; cilia only during devel- 
opment Class 2. Suctoria 

CiAss I. CILIATA, Butsciili. 

1. Body with adoral zone of membranelles. . . 2 

Body without adoral zone. ..... .Order 1. Holotrichida 

2. Adoral zone winds to the left 3 

* Adoral zone winds to the right. . .Order 5. Peritrichida 

3. Motile organs confined to ventral surface 

Order 4. Hypoitiichida 
M otile organs variously distributed .... 4 

4. Body covered with cilia Order 2. Heterotrichida 

Cilia on body absent or much reduced 

Order 3. Oligotrichida 

Order I. HOLOTRICHIDA, Stein. 

1. Moutliless (astomatous) forms; parasitic 

Sub-order 1. Astomina 
W ith mouth; parasitic or free-living 2 

2. Mouths usually closed; oral membranes 

absent Sub-order 2. Gymnostomina 

Mouths usually opened; oral membranes 
present Sub-order 3. Trichostomina 

Sub-order 1. Astomina, Cepede. 

1. With macronuclei and micronuclei 2 

Nuclei two or more but all alike. .Group i. {OpalinidoB) 

2. Parasites of digestive tract; various animals 

Group 2, 

Parasites of coelomic cavity Group 3, 

Parasites of branchial cavity, uterus, 

gonads, etc Group 4, 

Group 1. Family Opalinid.^ 

1. Form cylindrical; circular in cross-section. 2 
Flattened forms; ellipsoidal in cross-section 3 

2. With two similar nuclei Genus Protadpalina 

With many similar nuclei Genus Cepedea 

3. With two similar nuclei Genus ZeUerieUa 

With many similar nuclei Genus Opalim 

26 
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Group Parasites of the digestive tract 

1. Macronucleus simple; bar, band, sphere, 

etc 2 

Macronucleus branched (JPolydara parasite) 

Genus Rhizocaryum 

2. Without anchoring apparatus or suckers, 

etc 3 

With spicules, suckers, spines or other 
apparatus 4 

3. Body pyriform; canals of medusse. . . Genus KofoideUa 
Body vermiform; rounded both ends Genus Anoplophrya 

4. With attaching spine 5 

With sucker-Uke region; vacuole a long, 

lateral canal 8 

6. With vestigial oesophagus (Tubifex para- 
site) Genus Intoschellina 

Without traces of gullet 6 

6. Anterior end obliquely truncate; spicule 

internal Genus MemileUa 

Spicule protrudes from anterior end 7 

7. Spicule a conspicuous spine (Lumbricita 

parasite Fig. 165) Genus Hoplitophrya 

Spicule a mere external hardening. .Genus MaupaaeUa 

8. With two anterior spines Genus Steinella 

No anterior spines 9 

9. With anterior sucker and neck-like con- 

striction Genus Discophrya 

With anterior sucker without constriction 

Genus Haptophrya 

Group S. Coelomic parasites 

1. Without contractile vacuole; anterior ros- 

trum Genus Herpetophrya 

With contractile vacuole 2 

2. Vacuole single, posterior; copepod parasites 

Genus PerezeUa 

Numerous vacuoles; distributed; compod 

blood Uenus Cottinia 

Group 4. Parasites of branchial cavity, gonads, uterus, etc. 
Vestigial mouth and gullet; snail uterus Genus Proiaphrya 
Parasite of echinoderm gonads Genus Orchitophrya 


SuB-oKDBR 2. Oymnostomina, Bt^TscHu. 

1. Parasites; thickened cortex; narrow trench • 

to mouth Family 1. NicoLLELLiDjB 

Free or parasitic; no thickened cortex. ... 2 

2. Mouth terminal; usually closed. .Family 2. Enchblinidjb 

Mouth not temunal 3 

3. Anterior end more or less proboscis-like 

Family 4. Trachelinidjs 
Anterior rounded; usually with oral basket 

Family 3. Chlamtbodontida 

Family 1. NiodUdUdSB, Chatton. 

1. Thick corteaf not more than half ventral 

side Genus NicoUeUa 

Tliick cortex more than half ventral side 2 
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2. Thick cortex extends to posterior end 

Genus CoUineUa 

Thick cortex on both ventral and dorsal 

sides Genus Pycnothrix 

Family 2. Endidinidas, Ehrenberg. 

1. With uniform cilia over whole or part of cell 2 
With one or more girdles of conspicuous 

cilia 22 

2. Axopodial processes in addition to cilia. . . 3 

Without axopodia or other pseudopodia. . . 4 

3. Long pseudopodia with axial filaments 

Genus Myriaphrys 

Short pseudopodia-like processes. . .Genus Dactylochlamya 

4. Body with long caudal hair or hairs 5 

Body without posterior hairs 7 

5. Body uniformly ciliated 6 • 

Cilia absent from posterior third of body 

Genus Balanitozoon 

6. House- or test-dwelling Genus Pelamphora 

Without house or test (Fig: 166) . . . Genus Uroiricha 

7. With temporary forest of tentacles (Fig. 

81| p. 154) Genus AcHnobolm 

Without tentacles 8 

8. Body enclosed in cuirass of plates 9 

Body without covering plates 11 

9. Posterior end truncate; with spines (Fig. 

65, p. 128) Genus Colepa 

Posterior end without spines 10 

10. Posterior end pointed Genus Tiarina 

Posterior end rounded Genus Plagiopogm 

11. With visible gullet and pharyngeal trichites 12 
Mouth closed, without visible armature. . . 16 

12. Mouth surrounded by circlet of long cilia 13 

Mouth without special cilia 15 

13. Body flexible, wonn-like 14 

Body rigid ^ . . . Genus Metacyaiis 

14. Short row of trichocysts down ventral side 

Genus Cranotheridium 
Without trichocysts; mouth often quad- 
rangular (Fig. 165) Genus Trachelocerca 

15. Elongate; knob on end of neck-like probos- 

cis Genus TrachelophyUum 

Body spheroidal or elongate; no knob 
(Fig. 165) Genus Prorodcn 

16. Mouth circular 17 

Mouth slit-like, covering most of anterior 

end 21 

17. Neck-like constriction with circle of long 

cilia (Fig. 76, p. 148) Genus Lacrymaria 

Without constriction 18 

18. Body elongate, highly metabolic (Fig. 166, 

p. 379) Genus Chomia 

Oval to ellipsoid, neither metabolic nor 
rigid 19 

19. Mouth region sharply truncated 20 

Mouth region round^; lips often tumid. . . 19a 
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19a. Ectoparasites on fresh water fish. . .Genus Ichthyophthirim 
Free living, not parasitic (Fig. 166, p. 379) 

Genus Hohphrya 

20. Body fiask-shape (Fig. 166, p. 379) . Genus Enchelys 

Body ellipsoidal Genus Lagynus 

21. With ventral non-ciliated adhesive disc 

Genus Balantidiopsis 

Flask-shape, no adhesive disc (Fig. 90, 
p. 181) Genus SpaOiidium 

22. Two to four small oral tentacles; girdle 

median (Fig. 163, p. 372) Genus Mesodinium 

Without oral tentacles 23 

23. With one girdle of powerful cilia 24 

More than one girdle of long cilia 25 

24. Body cilia not appreciably reduced (Fig. 

(166, p. 379) Genus Cyclotrichium 

CiUa reduced to small lateral area (Fig. 

75, p. 146) Genus Monodinium 

25. With two girdles of long cilia 26 

More than two girdles of cilia Genus Dinophrya 

26. Body cilia in addition to girdles (Fig. 75, 

p. 146 Genus Aakenama 

With girdles only, no other cilia (Fig. 89, 

p. 1^) Genus Didinium ‘ 

Family 3. Chlamydodontidas, Stein. 

1. Body ellipsoid or slightly compressed 2 

Body lens-shape or ventrally flattened 3 

2. Body covered with uniform cilia (Fig. 13, 

p. 35) ! Genus NassiUa 

With spiral, ciliated narrow groove. Genus Trichospira 

3. Body lens-shape 4 

Body flattened 5 

4. Mouth anterior with corneous, curved, tube 

(^nus Paevdomicrothorax 
Tube similar, bundle of long cilia from 

mouth Genus Leptopharynx 

5. Body without caudal appendage 6 

Body with caudal appendage 11 

6. With small anterior tentacle; mouth ques- 

tionable Genus Lophophorina 

Without anterior tentacle. 7 

7. Mouth and trichites in anterior half of body 8 
Mouth anterior (7) trichites posterior to 

center (Fig. 166, p. 379) Genus Opisthodon 

8. Mouth a transverse slit across entire body 

Genus Gastronaula 

Mouth circular 9 

9. Body with cross-striped band around edge 

Genus Chlamydodon 

Body without cross-striped band 10 

10. Mouth on right side of anterior angle (Fig. 

83, p. 158) Genus Orthodon 

Mouth central or toward right side (Fig. 

34. p. 77).) Genus Chilodon ^ 

11. Cauacd appendage a ciliated brush. .Genus Trichopua ^ 

Caudal appendage a spine-like process 12 
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12. Ventral ciliated surface very narrow Genus Dyateria 

Ventral ciliated surface broad 13 

13. Dorsal surface markedly convex Genus Phaacolodon 

Dorsal surface slightly arched 14 

14. Ventral surface like Chilodoui with poste- 

rior spine Genus Dyateropm 

Ventral surface uniformly cOiated, no spine 15 

15. Cilia arranged in bands 16 

Cilia in uniform rows 17 

16. With dorsal keel or ridgje Genus Scaphidiodon 

No dorsal keel or ridge Genus Trochilia 

17. With oblique fringe of longer cilia to mouth 

Genus Onychodactylua 

Without such fringe Genus ^gyria 

Family 4. TracheUnida. 

1. Proboscis single, more or less developed; 

with mouth 2' 

Proboscis double or triple; no definite 
mouth 7 

2. Circular mouth at base of proboscis, dorsal 

Genus Tracheliua 

Mouth on ventral concave surface 3 

^3. Mouth slit-like 4 

Mouth a circular pore at base of proboscis 
(Fig. 6, p. 28) Genus Dileptua 

4. Mouth from tip to base of well-defined 

proboscis (Fig. 30, p. 70) .Genus Lionotua 

Proboscis rudimentary 5 

5. Mouth arcuate, just below beak-like pro- 

boscis (Fig. 167) .Genus Loxodea 

Mouth straight, more or less oblique 6 

6. Body flask-shape or slightly compressed 

Genua AmphiUptua 
Body flat (Fig. 167) Genus LoxophyUum 

7. Two anterior, lateral, hollow, arms. Genus Arachnidiopaia 
Three proboscides, each DileptusAike 

Genus Teutophrya 

^Sub-order 3. Trichostomina, Ehrenberg, Stein. 

1. Cilia not in zones 2 

Cilia in two broad zones; with caudal tuft 

Family 1. XJROCENTRiDiE 

2. Body with small circular or ellipsoidal 

peristome 3 

Body with large prominent peristome 4 

3. Mouth in anterior half of body. .Family 2. CHiuPERiDiB 

Mouth in posterior half of body. Family 3. Microthoracid/E 

4. One or more huge undulating membranes 

in peristome Family 4. Pleuronemid.® 

Undulating membrane in gullet. Family 5. Paramecid® 

Parasitic forms in stomach of horse and 
ruminants Family 6. Isotrichid® 

Family 1. Urocentridss, Clap, and Lach. 

One genus with characters of the family (Fig. 

168) Genus Urocentrum 
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Family 2. Chiliferidflo, BUtschli. 


1. Mouth terminal 2 

Mouth not tenninal 3 


2. Mouth slit-like, entire anterior end . Genus Leucophrys 
Mouth circular with lateral pocke^ cup 

dwelling Genus Cyrtolophosis 

3. With caudal filament or filaments 4 

Without caudal filaments 5 

4. Spiral circlet of longer cilia from mouth 

(Fig. 168) Genus Loxocephalm 

Without spiral row of cilia .Genus Uronema 

5. Mouth subterminal; body cigar-shape 

(Fig. 168) Genus DaUasia 

Body ellipsoid, kidney-shape, or bean-shape 6 

6. Body ellipsoid or oval 7 

Body kidney-shape or bean-shape 10 

7. Mouth circular or crescentic (Fig. 168) 

Genus Ophryoglma 

Mouth oval or ellipsoid 8 

8. With conspicuous pharyngeal basket Genus Clathrostoma 

Without pharyngeal basket 9 

9. Ix)ng groove running posteriorly from 

moutli (Fig. 168) Genus Frontonia 

Groove reduced to posterior pocket of 

mouth Genus Monochilum 

10. Body distinctly kidney-shape 11 

Body bean-shape 14 

11. Mouth more or less triangular; two mem- 

branes (Fig. 168) Genus Glaucoma 

Mouth with single membrane 12 

12. Periplast with distinct striping, plaid-like 

Genus Placus 

Periplast without cross striping 13 

13. Prominent posterior dorsal, pigmented lobe 

Genus Tillina 

Without pigmented lobe Genus Colpoda 

14. Peristome a long, narrow, transverse fur- 

row Genus Plagiopyla 

Peristome small 15 ^ ^ 

15. Dorsal side arched; mouth anterior. Genus Colpidium 
Dorsal side flat; mouth and peristome 

central Genus Chasmatostorna 

Family 3. IVUcroihoracidSBf Wrzesniow^. 

1. Crescentic or sickle-shape; mouth central 

Genus Drepanomonas 


Lens shape 2 

2. Posterior end obliquely truncate Genus Cinetochilum 

Posterior end not truncate Genus Microthorax 

Family 4. Pleuroneniidflo, BUtschli. 

1. Cup-dwelling forms 2 

Not cup-dwelling 3 

2. Cup open both ends; one anterior, one pos- 

terior bristle Genus Calyptotricha 


Cup simple; peristomial lobe with long cilia 

Genus Mycterothrix 
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3. With one caudal filament 4 

Without caudal filament 5 

4. Peristome narrow, short, body ellipsoid 

(Fig. 168, p. 385) G^us Cyclidium 

Peristome narrow; two pseudomembranes; 
elongate (Fig. 170) Genus Lemhus 

5. Free-living; peristome long and deep 6 

Commensal or ectoparasitic 9 

6. With balloon or sail-like membrane 7 

One pseudomembrane of long cilia; spindle- 

shape Genus Blepharostoma 

7. Special cilia adapted for attachment 10 

Without special attaching cilia 8 

8. Peristome occupies most of ventral surface 

(Fig. 77, p. 149) Genus Lembadian 

Ellipsoidal with one sail-hke membrane 
(Fig. 169, p. 385) Genus Pleuronema 

9. Kidney-shape; ectoparasitic on hydroids 

Genus Pleurocoptea 

Flat; four or five lines of cilia; commensal 
on Gammarus Genus Larvulina 

10. Ellipsoidal; attaching cilia posterior end. . 11 
Spherical; peristome turned up; five rows 

• cilia Genus Hemiapira 

Uni-shaiX3; no cilia; two concentric mem- 
branes Genus Hemispiropsia 

11. Pseudomembrane spiral at anterior end. 

Genus Boveria 

Membrane lateral, not spirally wound 

Genus Aridafrum 

Family 5. Paramecidss, Butschli. 

One genus with family characteristics (Fig. 

170, p. 385) Genus Paramecium 

Family 6. Isotrichidso, Butschli. 

Parasitic in mantle fluids of bivalves. .Genus ConchopMhirua 
Parasites of fore-stomach of ruminants . Genus Isotricha 

Genus Dasytricha 

Order II. HETEROTRICHIDA, Stein. 

1. A&oml zone not parallel with main body 

axis 2 

Adoral zone parallel with main body axis 3 

2. Body ellipsoidal or trumpet-shape 

Family 1. Stentorida 
M edusa-shape; with manubrium-like pos- 
terior end Family 4. GYROCORTCiD.fi 

Discoid; laterally compressed. . .Family 5. Ctenostomid.® 

3. Peristome wide, insunk, and usually deep 

Family 2. Bursarid® 

Peristome narrow and long Family 3. Plagiotomid® 

Family 1. Stentoridss, Stein. 

1. Body not trumpet-shape 2 

Body when expanded, trumpet-shape (Fig. 

74, p. 145) Genus Stenlor 

2. Frontal field drawn out into long arms (Fig. 

84, p. 160) Genus FoUiculina 

Frontd field not drawn out 3 
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3. Pear-shape;base widest; with pigment spot 

Genus Fabrea 

Compressed; frontal field oblique (Fig. 56, 

p. 107) Genus Climacostomum 

Family 2. BursarldSB, Stein. 

1. Free-living 2 

Parasitic; peristome to center of body 

Genus Balantidium 

2. Frontal field deeply insunk; sac-like 3 

Body worm-like, very contractile (Fig. 171) 

Genus CondylosUma 

3. Walls of sac with cortical trichocysts Genus ThylaMdium 
Walls of sac without trichoc 3 rsts (Fig. 84, 

p.l60) Genus Bursana 

Family 3. PlagiotomidsB, Clap, and Lach. 

1. Free-living 2 

Internal parasites 6 

2. Laterally compressed 3 

Not compressed 4 

3. Peristome oblique with spiral gullet Genus Helicoatoma 

Peristome oblique, straight; usually pink 

(Fig. 174) Genus Blepharisma 

Adoral zone spirally wound from end to end 

Genus Phacodinium 

4. Body long, narrow; peristome narrow, 

straight (Fig. 30, p. 70) Genus Spirostomum 

Body ellipsoidal, not contractile 5 

5. Body straight, two crescentic oral lips 

Genus Porpostoma 

Body twisted anteriorly; no crescentic lips 

Ct'ig. 171) Genus Metopus 

6. Form oval to bean-shape (Fig. 171) Genus Nyctotherus 
Elongate; pointed anteriorly; truncate 

below Genus Plagiotoma 

Family 4. Gyrocoiycidm, Stein. 

Anterior end rounded; umbrella-like (Fig. 174) 

Genus Ccenomorpha 

Anterior end flattened; two bands of cilia 

Genus Trochella 


Family 5. CtenostomidsB, Lauterbom. 

1. Anterior end with ventrally pointed spine 2 

Without ventrally directed anterior spine 3 

2. With two unequal spines on the right side 

Genus Discomorpha 

Seven or eight posterior spines; none on * 
sides Genus Saprodinium 

3. Posterior end with bisected incut. . .Genus Pelodinium 
Posterior drawn out into seven to eight 

blunt processes Genus Epdlxis 


Order III. OLIOOIKCHIDA, B6tschli. 

1. Parasitic in stomach Family 3. OpHRYOscoucciDiE 

Free-living. 2 

2. Without house Dr test Family 1. HALTERiiDiS 

With house or test (mainly marine) . Family 2. TiNTiNNiDiB 
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Family 1. HUterllda, Clap, and Lach. 

1. Spheroidal; central girdle of bristle-like 

cilia Genus HaUeria 

Spheroidal or um-shape; no girdle of cilia 2 

2. Periplast delicate 3 

Posterior periplast hardened and test-like 

Genus Labcea 

3. With distinct tail-like appendage. . .Genus TonUmia 

Without caudal appendage Genus StroTnbidium 

Family 2. Tintinnidae, Clap, and Lach. (Mainly after Jorgensen, 1899). 

1. Test soft and gelatinous Genus Tintinnidium 

Test rigid, chitinous 2 

2. Test- open at both ends Genus Tintinnm 

Test of^n at anterior end only 3 

3. Test with anterior decorations 4 

Test plain without anterior trimmings 5 

4. Anterior perforated by large openings 

Genus Dictyocysta 

Anterior openings absent or feeble. .Genus Codonella 

5. Test wall double with alveoli Genus CyttarocycKs 

Test wall double without alveoli Genus UndeUa 

Test wall single, simple 6 

6. Test ornamented by pleats or sculpturing 

* Genus Ptychocyclis 

Test with adherent foreign particles (Fig. 

174, p. 391) Genus Tintinnopsis 

Test without foreign bodies or ornaments 

Genus AmphoreUa 

Family 3. Ophryoscoleddm, Stein. 

1. With one circle of membranelles 2 

With two circles of membranelles 3 

2. Two posterior bundles of cilia {Caudalia) 

Genus Cycloposthium 

No caudal cilia, long caudal spine. .Genus Entodinium 
Four incomplete girdles of long cilia Genus Troglodytella 

3. Dorsal circlet includes more than half the 

body Genus Ophryoscolex 

Dorsal circlet includes less than half the 
^body (Fig. 2, p. 20). Genus Diplodinium 

Obder IV. HTPOTBICHIDA, Stein. 

1. Ventral surface with uniform cilia; no cirri 

Family 1. PERiTROMiDiE 
At least anal cirri on ventral surface 2 

2. Except anals, no ventral cirri posterior to 

mouth Family 2. llROSTYLiDiB 

With posterior ventral cirri 3 

3. With cilia in addition to cirri 4 

Cilia entirely replaced by cirri 5 

4. Five to eight frontal cirri; cilia in one or 

more rows Famil 3 r 3. PLEUROTRiCHiDi® 

Frontal and ventral cirri reduced; no cilia 

Family 4. PsiLOTRiCHiDiE 

5. With lateral, ventral, frontal and anal cirri 

Family 5. EuPLoriDiB 
No lateral; variable f rentals, ventrals, and 
anals Family 6. AsPiDisciOiE 
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Family 1. Peritromidfld, Stein. 

One genus with the characters of the family 

Genus 

Family 2. XTrostylidsd. 

1. Ectoparasitic on Hydra^ etc Genus 

Free-living forms, usually bottom feeders. . 

2. No differentiated frontal cirri. 

With from three to several frontal cirri 

3. Ventral rows of cilia straight 

Ventral cilia rows spiral 

4. With neck and tail: six to nine rows of cilia 

(Fig. 174) Genus 

No neck or tail; two marginal; two ventral 
rows cilia Genus 

5. Peristome long; often tube-dwelling (Fig. 

173, p. 390) G^us 

Peristome only half the length of proboscis. 

Genus 

6. Ventral surface covered with fine cilia 

Genus 

Ventral surface with few rows of cilia 

7. No anal cirri; two to four rows of ventral 

cilia 

With anal cirri 

8. No long caudal cilia or bristles (Fig. 1, 

frontispiece) Genus 

With three caudal cilia or bristles. .Genus 

9. Two rows marginal; two to three rows ven- 

tral cilia (Fig. 176) Genus 

Two rows marginal; five to seven rows ven- 
tral Genus 

Family 3. Pleurotii<^dsB, Btitschli. 

1. Posterior end drawn out as a distinct tail 

Genus 

Posterior end not tail-like 

2. Peristome very narrow 

Peristome broad, triangular 

3. Five anterior ray-like spikes (membran- 

elles) Genus 

No ray-like spikes; three caudal cirri Genus 

4. Body very flexible; tail bristles short, if any 

Body sli^tly flexible or rigid 

5. Five to six frontal; irregular rows of ventral 

cirri Genus 

Eight frontal, five ventral, undeveloped 
caudal cirri (Fig. 175) Genus 

6. No caudals; marginal row of cilia unbroken 

posteriorly 

Three caudals; marginal row broken pos- 
teriorly Genus 

7. Row of anal cirri broken; two nearer pos- 

terior end (Fig. 176) Genus 

Anal cirri form a continuous line 

8. Large; anterionand posterior ends truncate 

(Fig. 172, p.) 389 Genus 

Small; oval to ellipsoidal (Fig. 175). Genus 


Periiromua 

Kerana 

2 

6 

6 

4 

5 

EpicUntes 

Holosticha 

Stichotricha 

Sparoiricha 

Trichogaster 

7 

8 
9 

Uroleptua 

Strongylidium 

Amphisia 

Urostyla 


Urosoma 

2 

3 

4 

Actinotricha 
Gonostamum ' 

5 

6 

Gastrostyla 

Oxytricha 

7 

Stylonychia 

Pleurotricha 

8 

Onychodromtis 

Hiatrio 
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Family 4. PsilotridiidaB, Btitschli. 

Heavy bristlc-like marginal; one row ventral 

cirri Genus BaUadina 

Irregularly scattered cirri (Fig. 176). . .Genus Psilotricha 
Family 5. EaplotldaSi Ehrenbergi Stein. 

1. No special and or frontal cirri; seven to 

nine posteriors (Fig. 107, p. 225) . Genus Uronychia 
With five large anal cirri 2 

2. Three posterior giant cirri; seven to eight 

frontal-ventral cirri Genus Diophrys 

No giant cim; more than eight ventral cirri 3 

3. Eleven cirri on left margin; eleven frontal- 

ventrals Genus Ceriesia 

Four cirri on posterior margin; nine to ten 

frontal-ventrals Genus Euphtes 

Family 6. AqiidiscidsSi Stein. 

The peristome begins at the anterior end 

Genus Aspidisca 

The peristome begins at center of the left edge 

(Fig. 80, p. 162) Genus Onychaspis 

Order V. PERTTBICHIDA, Stein. 

• 

1. With spirally rolled peristome. . .Family 1. SpiROCHONiDiE 

Peristome not spirally rolled 2 

2. Ectoparasites; attachment posterior end, 

flexible Family 2. LiCHNOPHORiDiB 

Not parasitic, posterior end not flexible 

Family 3. Vorticbllid-® 


Family 1. Spirochonida, Stein. 

Stalked, membrane about joint of stalk Genus Chilodochom 
With or without stalk, joint without mem- 
brane Genus Spirochona 

Family 2. Uchnophorida, Biitschli. 

One genus with characters of the Family 

Genus Lichnophora 

Family J. VorticellidsB, Ehrenberg, emend Butschli. 

No peristomial trench, attaching disc ciliated 

Sub-family 1. URCEOLARiNyW 
With peristomial trench, posterior cilia tem- 
porary Sub-family 2. VoRTiCELLiNiK 

« 

Sub-family 1. UncEOLARiNiE. Butschli. 

1. Surface of body covered with cilia. .Genus Trichodinopsis 

Surface not covered with cilia 2 

2. Erect bristles outside posterior girdle of 

cilia Genus Cyclochoeta 

No bristles in addition to posterior cilia 

Genus Trichodina 

Sub-family VoRTicELUNiE. Butschli. 

Cells with contractile stalks Tribe Contractilia 

Cells without contractile stalks Tribe Acoi^tractilia 

Cells in tests or houses Tribe Cothurnina 
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Tribe 1. CorUractilia^ Biitschli. 

Note.— I ndividuals are often detached from their stalks under labora- 
tory conditions and become free-swimming; such detached forms always 
have a posterior girdle of cilia, one genus— has them per- 
manently. 

1. ^litary; a single highly contractile stalk 

Genus VorticeUa 

Colonial; colonies dichotomously branched 2 

2. Individual stalks contract separately*, not 

connected Grenus Carchesium 

Entire colony contracts; stalk threads con- 
nected Genus Zodthamnium 

Tribe 2. AcomJtractilia^ BUtschli. 

1. Colonial forms; colonies often enormous. . 2 

Solitary forms 4 

2. Individuals of huge colony embedded in 

jelly Genus Ophrydium 

Individuals not embedded in jelly 3 

3. Peristome disc not stalked; feather-like 

colonics (Fig. 210, p. 502) Genus Epistylis 

Peristome disc stalked ; f eat W-like colonies 

Genus Opercularia 

4. Individuals free-swimming or creeping 5 , 

Individuals attached 6 

5. No stalk; posterior cilia girdle permanent 

Genus Opisthonecta 

Vorticella-like; two posterior bristles; no 

stalk Genus Astylozoon 

Posterior end broad, ringed near base, no 
bristles Genus Gerda 

6. Solitary, in delicate cup; peristome cup-like 

Genus Ophrydiopsia 

Cylindrical, with attaching disc; cross- 

ringed Genus Scyphidia 

Vorticella-like; with or without short stalk 7 

7. Undulating membrane enormously devel- 

oped Genus Glossatella 

Undulating membrane inconspicuous; stalk 

short Genus Rhdbdostyla 

Tribe 3. Cothumina, Biitschli. 

1. Upright; attachment posterior; with or 

without stalk Genus Cothumia 

Attachment lateral or lengthwise; recum- 
bent 2 

2. Peristome disc with stalk, operculum-like 

Genus Lagenophrya 

Peristome disc not stalked Genus Vaginicola 


Class II. SUCIORIA, Butschli. 


1. Cilia absent except on embryos 2 

Body permanently ciliated Family Hypocomid.^ 

2. Suctorial tentacles alone present 3 


Prehensile tentacles in addition to suctorial 

Family Ephblotid^ 
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3. Body not bilaterally symmetrical; irregular 

or branched 4 

Body monaxial; more or less bilateral — ,6 

4. Without ‘^proboscis*' or special ^'arms” 

Family DENDROSOMiDiU 
With retractile proboscis or special “arms” 6 

5. With retractile proboscis Family OpHRYODENDRiDiG 

With special, tentacle-bearing “arms” 

Family DENDROCOMBTiDifi 

6. Reproduction by internal budding 7 

Reproduction by external budding. Family PonopHRYiDiG 

7. Pellicle delicate Family Acinetid^ 

Pellicle tough, coriacious Family DiscoPHRYiDiB 

Family ActinetidsB. 

1. Internal parasites (no stalk; no tentacles) 

Genus. Endosph43Bra 

External parasites or free-living 2 

2. Parasitic on other suctoria 3 

Not parasitic on suctoria; or free-living. . . 4 

3. Stalk embedded in Acineta or Paracineta 

Genus Pseudogenttm 

Parasitic on Ephelota Genus Tachyblaston 

• 4. Twelve to fifteen finger-form processes, 

each with sucker Genus Dactylophora 

Without finger-form processes 5 

5. Test or cup absent; tentacles in fascicles. 6 

Test or cup present 7 

6. Body pyramidal, with stalk (Fig. 112, p. 

231) Genus Tokophrya 

Form variable; no stalk Genus Hallezia 

7. Test without free margin, membrane-like 

(Fig. 91, p. 185) Genus Acineta 

Test cupklike, with free rim or margin 8 

8. No definite stalk; test attached by base. . . 9 

Test attached by definite stalk 10 

9. Cup attached by entire base Genus Soknophrya 

Base of cup narrowed, almost stalk-like 

Genus Periacineia 

10. Cup polyhedral; one to six central tentacles 

Genus Acinetopsis 

Cup not polyhedral; distributed apical ten- 
tacles Genus Thecacinela 

Family Discopl^dsd. 

1. One primary tentacle; with or without 

secondaries 2 

With many tentacles 3 

2. With stalk ; Genus Rhynchophrya 

No stalk; attachment by protoplasmic 

body Genus Rhyncheta 

3. Suctorial tentacles conical, with enlarged 

bases Genus Thaumatophrya 

Tentacles uniform in diameter 4 

4. Tentacles expansile at extremities for food- 

taking Genus Choanophrya 

Tentacles not expansile Genus Discophrya 
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Family Dendrosomidsd. 

1. Forms with stalk 2 

Forms without stalk 3 

2. Body much branched, finger-like. . .Genus Dendrocometes 

Body bar-like, not digitate Genus Rhabdophrya 

3. Body attached 4 

Body free 6 

4. Body bilateral or slightly asymmetrical 

(Fig. 91; p. 185) Genus Trichophrya 

Body flat 5 

5. With basal stolon; branches erect; often 

second branches (Fig. 159, p. 368) Genus Dendroaoma 
No stolon; short unbrancned processes, 

fascicled tentacles Genus Lemmphrya 

6. Body tetrahedral Genus Tetrcadrophrya 

Body i^lyhedral 7 

7. With six similar protuberances Genus Staurophrya 

With eight radiate processes, each with a 

fascicle Genus Aatrophrya 


Family Dendrocometidfls. 

Arms branched, each branch with one sucker 


Genus Dendrocometes 

Arms not branched Genus Stylocometes 

Family OphryodendridsB. 

One genus only Genus Ophryodendron 

Family PodophryidsB. 

1. Without test or cup 2 

With test or cup 3 

2. Normally with stalk, attached (Fig. 91, 

p. 185) Genus Podophrya 

Free-^swimming or parasitic Genus Spho^ophrya 

3. Cup close-fitting, no visible rim. . . .Genus Paracineta 

Cup not close-fitting, rim visible 4 

4. Tentacles numerous; in fascicles (Fig. 91, 

p. 185) Genus Metadnata 

Tentacles scarce; one to three Genus UmuUi 

Family I^elotidfiB. 

No test or cup; with or without stalk (Fig. Ill, • 

p. 230) Genus Ephelota 

With cup and stalk Genus Podocyathus 

Family HypocomidsB. 


Only one genus, with family characters Genus Hypocoma 
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CHAPTER IX. 


SPECIAL MORPHOLOGY AND TAXONOMY OF THE 

SPOROZOA. 

Forms adapted to a parasitic mode of life are found in every main 
group of the Protozoa and several highly pernicious human diseases 
such as dysentery, leishmaniases, and African sleeping sickness are 
due to them. Such forms, however, may be regarded as having 
arisen as casual parasites which owe their parasitic mode of life to 
their original power to resist the digestive fluids and other condi- 
tions of ^e animal body. Such adaptations are always possible 
in normally free-living microorganisms subject to ingestion with 
food and drink. 

Sporozoa are obligatory parasites and free-living forms are 
unknown. Practically all kinds of animals are subject to invasion 
by one type or other and adaptations are manifold and varied in 
response to the necessary and often highly specialized conditions 
of their existence. As with parasites generally, a necessary adap- 
tation for the maintenance of species is the power of prolific multi- 
plication. This is realized by the xmiversal method of reproduction 
by spore formation to which the group owes its name. Such sporu- 
lation may occur as multiple reproduction of vegetative individuals 
without sexual processes or it may follow as a result of fertilization. 
Asexual and sexual processes give rise to typical alternation of 
generations in the majority of forms and complicated life histories 
result. 

Asexual reproduction may occur by equal division (e. g., Ophryo- 
cystia, iiaheda, etc.); by budding which may be exogenous (Myxo- 
sporidia) or endogenous (as in the gregarines Schizocysiis and 
Eleutheroachism), or by multiple division (Coccidiomorpha). 
Reproduction following fertilization always involves the formation 
and the permanent fusion of gametes. These may be isogamous or 
anisogamous and dimorphic gametes as different as are eggs and 
spermatozoa of the Metazoa are characteristic of the Coccidia and 
Haemosporidia. Sexual processes of peculiar type and regarded as 
self fertilization or autogamy are characteristic of the Cnidosporidia 
where such processes with resulting sporulation, take place in endo- 
genous buds. 

Sporulation following fertilization in the majority of forms, 
involves adaptations for preservation of the species during exposure 
to the conditions external to the definitive host. Such spores are 
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protected against drought and other external conditions by resistant 
spore membranes or capsiiles which are opened or dissolved only in 
the digestive tract of a new host. In the majority of cases such 
new hosts are individuals of the same species and infection is brought 
about by eating contaminated food. In many forms, however, the 
life cycle involves a change of hosts the metagamic spores developing 
in one type of animal and the sexual phases of the parasite develop- 
ing in another type belonging to an entirely different group of the 
animal kingdom. Thus vegetative stages of the genus Aggregata 
develop in the crab (Portunus depurator) and the sexual stages in 
the cephalopod (Sepia a/fficinalia); vegetative stages of the malaria 
organisms, Plaantcdium, Laterania, and Hcmoproteus develop in 
the blood of man or birds and the sexual stages in the mosquito. 
In these blood infesting Sporozoa a further adaptation is noted in 
the loss of the characteristic capsules of the metagamic spores which 
are inoculated with the bite of the mosquito directly into the blood. 
Spore capsules here would make an impossible barrier to develop- 
ment and such forms are obligatory parasites in all phases of their 
life history. In some cases parasites reach the blood by way of the 
digestive tract and infection is contaminative. The rat parasite 
Hcmogregarina (Jlepabaoon) perniciosa (according to Miller, 1908) 
forms its metagamic spores in the rat mite (Lelaps echidninus). 
Such infected mites are eaten by the rat and the spores develop in 
liver cells through some agametic generations, the agamic spores 
finally entering the blood where they are taken up by leukocytes in 
which the parasites encyst. Such encysted spores are taken with 
the blood into the gut of the flea where sexual phases take place 
and metagamic spores are formed (Fig. 177). 

Although wide differences exist in the life cycles of the various 
kinds of parasites included in the Sporozoa ^ere is a sufficient 
general resemblance in all to indicate a fundamental common type. 
A special nomenclature has grown up for these parasitic forms which 
is generally limited to the Sporozoa although there is no reaton why 
the terms, if useful should not be applied with equal right to the 
stages in the life history of free-living forms. We shall use here the 
terminology suggested by Hartmann as modified by Doflein with 
such changes as will make the terms applicable to both free-living 
and parasitic forms. These terms are: 

1. Sporozoite. A spore or germ produced as a result of fertili- 
zation. 

2. Agamont, An asexual individual reproducing without fer- 
tilization (also called a schizont, or a trophozoite). 

3. Schizontocyte. A special form of agamont which breaks up 
into a number of agamete-forming centers by multiple division. 

4. Agamogony (itohizogony). Asexual or agamic reproduction 
by equal, unequal or multiple division. 




Fig. 177 . — Hcemogregarina pernicioHa, a, bsmogregarino parasite of the rat a to d, 
development of the agamont in the liver cells of the rat ; e, free parasites in the blood ; 
/, encysted parasites in the leukocytes; g, to k, stages of fusion of the gametes in the 
mite; /. to n, development of the aygoto; o, sporocyst with sporoblast buds covering 
the surface; p, section of the same; q, older sporoblast with sporozoites. (From 
Calkins after Miller.) 
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5. Agamete (merozoite). An agamic ^re or product of asexual 
reproduction. 

6. GajnorU (sporont). An individual destined to form gametes. 

7. Gamogony (sporogony). The process of reproduction of a 
gamont into gamete or gametooytes. 

8. Macrogametocyte. The mother-cell of macrogametes. 

9. Microgamelocyte. The mother cell of microgametes. 

10. Macrogamete. The quiescent or inactive gamete fertilized 
by a microgamete. 

11. Microgamete. The motile element in fertilization, equivalent 
to a spermatbzodn. 

12. Gametes. The specialized cells destined to meet and fuse id 
fertilization. 

13. Zygote (copula). The fertilized cell. 

14. Sporocyet. The fertUization membrano or its equivalent 
with contents. 

15. Metagamogony. The process of zygotic or post-fertilization 
reproduction. 

16. Sporohlaet. A product of the initial reproduction of, the 
zygote (including both capsule and contents). 

17. Sporozoite. A product of the reproduction of the sporoblast. 

The significance of these terms will be apparent by illustration 

with a concrete example for which we may again use the classical 
case of the life history of Eimeria (Coccidium) echubergi as worked 
out by Schaudinn, 1900 (Fig. 178). This is a common intestinal 
parasite of the familiar centipede lAthobvus, infection taking place 
by feeding on contaminated food. 

Under the action of the digestive fluids in the centipede the sporo- 
zoites are liberated from their protective capsules (of sporoblast 
and sporocyst). A sporozoite penetrates an epithelial cell and 
grows at the expense of ^e cell into an agamont (Fig. 178, a). 
When fully grown the nuciras of .the parasite divides several times; 
the protoplasm by multiple 'division breaks up into small cells 
about the resulting nuclei the process of nuclear and cytoplasmic 
division to form these cells being agamogony. The host cell is 
destroyed and the young cells, known as agametcs, are liberated. 
These agametes make their way by independent gregariform move- 
ment to other epithelial cells which they penetrate and in which they 
repeat the entire agamic cycle, producing in turn, new agametes. 
After five or six days during which this agamic cycle is repeated 
resulting in multiple infection* of the epithelium, the agametes 
develop into gamonts or prosexual individuals. Some become 
large, food-stored cells which, after “maturation” processes form 
maoogametes directly (e, f, g). Others form large cells with clear 
protoplasm— microgametocytes— which, after repeated nuclear divi- 
sions, give rise to a multitude of microgametes, the process being a 
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form of gamogony. Each microgamete is provided with two 
flagella by means of which it moves about in the intestinal fluids 
imtU it comes in contact with a macrogamete {h, i, j, s). The 
gametes fuse, a macrogamete being fertilized by a single micro- 
gamete ig). The fertilized cell resulting from this fusion is the 
zygote in which the pronuclei fuse. The fertilization nucleus then 






Fig. 17H. -Eimeria schuhergi, Sporozortes penetrate epithelial cclm and strow 
into adult iriArarclIuIar parasites (a). When mature, the nucleus divides repeatedly 
(&), and each of its subdivisions becomes the nucleus of an afcamcto (c). These enter 
new epithelial cells and the cycle is repeated many times. After five or six days of 
incubation, the agametes develop into gamonts; some arc largo and stored with yolk 
material (d, c, /), others have nuclei which fragment into chromidia which Ixjcomo 
the nuclei of microgametes (d, /i, t, j), A macrogamete is fertilized liy one micro- 
gamete ((/) and the zygote forms a sporocyst {k). This forms four sporoblasts, each 
with two sporozoites (f). (After Schaudinn.) 


divides and the two products divide again before the protoplasm 
divides into four parts, one about each of the nuclei. This process, 
or metagamogony, results in the formation of four sporoblasts within 
the sporocyst and each sporoblast has its own individual protective 
capsule (/). The nucleus of each spon>blast then divides and two 
independent cells are formed in each sporoblast. These inde- 
pendent cells are the sporozoites. To recapitulate: Sporozoites 
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come from sporoblasts; sporoblasts from sporocysts; sporocysts from 
zygotes; zygotes from fusion of gametes; gametes from gametocytes, 
these from gamonts; gamonts from agametes; agametes from aga- 
monts and agamonts, originally, from sporozoites. 

There are thus two complete cycles in the life history of a typical 
sporozobn, an asexual and a sexual cycle. There are many varia- 
tions in different types and few life cycles conform exactly with 
that of Eimeria. In the Eugregarincs for e^mple, the asexual 
cycle is entirely eliminated, the sporozoite developing directly into 



Fio. Lankesteria asddio!, Youni? sporozoites enter epithelial cqlls (A, JJ, C) 

and grow directly into gamonts (D); two of these unite in pseudoconjugation (E), and 
each forms gametes after repeated nuclear divisions (F, Cr, H). The gametes fuse 
two by two (/, Jt K,) and the zygotes undergo three metagamio divisions, forming 
eight sporozoites (L to O) . The parent cells degenerate and the sporocysts are filled 
with sporoblasts, each with eight sporozoites. (After Siedlecki.) 


a gametocyte. In gregarines also we find a curious process which 
recalls the phenomenon of conjugation in the Ciliata, but which in 
Adelea is very similar to fertilization in VorticeUa. It is termed 
pseudoconjugation. Two individuals come together side by side 
or end to end and an envelope is secreted which encloses both indi- 
viduals. This, envelope becomes the sporocyst membrane. Each 
individual now forms a large number of gametes and those from one 
individjwl fuse ^th the gametes from the other individual and a 
multitude of zygotes is formed. The actual fertilization membrane 
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becomes the sporoblast capsule and the zygotes divide at once to 
fonn sporozoites (Fig. 179). 

Other variations will appear in the discussion of the different 
groups of Sporozoa as given in the following classification, in which, 
following the majority of students of the Protozoa, we divide. the 
group into two classes— Telosporidia and Neosporidia— as outlined 
originally by Schaudinn (1900). The two groups have little in 
common besides the mode of life of parasites. The Class Telo- 
sporidia includes those forms in which the life of the individual comes 
to an end with sporulation. The Class Neosporidia includes those 
forms in which sporulation occurs in internal buds during the vege- 
tative activity of the individual, sporoblasts being carried about 
by the still active parent cell. 

Class I. TELOSPORIDIA, Schaudinn. 

Telosporidia are Sporozoa which are invariably intracellular 
parasites during some phase of the life cycle. A new host is infected 
by^ntamination or by inoculation and the young germ— a sporo- 
zoite-enters some cell element, an epithelial cell if the parasite is 
one of the Coccidia, a blood element either blood corpuscle or blood 
cell if it is one of the Hsemosporidia. The adult forms of Gregarinida 
are invariably extracellular or lumen-dwelling parasites, young, 
growing stages alone being intracellular. Adult forms of Coccidio- 
morpha are pensistent intracellular parasites throughout young, 
adult, and reproductive phases. Although some exceptional cases 
occur in both groups, these are essential 'differences between the 
two sub-classes Gregarinida and Coccidiomorpha. All are typically 
uninucleate in the adult phase. 

Reproduction occurs either by agamogony or gamogony, the 
latter involving fertilization. In one Order of the Gregarinida, the 
Eugregarinida, the sporozoite grows directly into a gamont and 
asexual reproduction is unknown. In a second Order the Schizo- 
gregarinida, agamogony occurs either by equal division, internal 
budding, or by multiple division. In Coccidiomorpha alternation 
of generations is the rule and change of hosts is frequent. Multiple 
division is practically universal. 

In both sub-classes the zygote undergoes metagamic divisions. 
In Gregarinida and in Hsemosporidia amongst the Coccidiomorpha, 
the sporozoites are formed directly by divisions of the zygote; in 
Coccidia the zygote divides into sporoblasts or ^rozoite-forming 
cells. In all cases except in Heemosporidia the sporozoites formed 
in each such sporoblast, are enclosed in a special capsule by which 
the young organisms are protected against external conditions. 
Heemosporidia .are obligatory parasites in one host or other through- 
out the entire life cycle otherwise they perish. 
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Except for the main groups which will probably persist, the classi- 
fication of Telosporidia is not entirely satisfactory. We follow 
, Doflein in the main, making only such changes as are necessaiy in 
raising Sporozoa to the grade of a sub-phylum instead of a class. 
Here also, we include in an Appendix a group of forms which have 
been sifted out of other grbups of Protozoa or Bacteria, and included 
with the Sporozoa largely because there seems to be no other place 
to put them. 

Sub-class I. QBEQABIMIDA. 

The gregarines are typically coelozoic or lumen-dwdling parasites 
of the invertebrates particularly of annelids and arthropods. They 
vary in size from 10/< to 16 mm. {Poro»pora giganiea) and are prone 
to collect in masses in the intestine, a gregarious habit from which 
the name of the group is derived. Although saprozoic or osmotic 
in nutrition they apparently do ve^ little if any damage to the host 
organism, differing in this respect from the intracellular Coccidio- 
morpha. The most frequent site of parasitism is the digestive tract 
and the glands opening into it (e. g., Malpighian itibules) bu^the 
sporozoites of some forms penetrate the wall of the gut and entei* 
the body cavity where they form cysts on the coelomic side of the 
intestinal wall or develop as free forms in the lumen of the seminal 
vesicles (Monocystidse) or of other parts of the body cavity. 

Gregarines are widely varied in form as well as in size but so far 
as the present accounts go they are similar in their protoplasmic 
make-up. A peripheral outer layer of lifeless material forms the 
epicyte which is equivalent to the pellicle or periplast of other 
Protozoa. This is secreted by the ectoplasm and is frequently 
drawn out into attaching organs in the form of filaments, hooks, 
anchors and knobs. The outer surface is often definitely ribbed, 
the ribs running longitudinally from end to end of the body. The 
furrows between the ribs are filled with a gelatinous material derived 
from a second layer also lifeless, of the cortex and termed by 
Schewiakoff the gelatinous layer. Movement of gregarines accord- 
ing to Schewiakoff is due to the secretion from the ectoplasm of this 
gelatinous material which collects from the furrows at the posterior 
end, hardens, and forms a resistant column against which continued 
secretion pushes the organism forward. The third zone of the 
body wall is formed by the living ectoplasm, which with the possible 
exception of Stomaiophora coronata described by Hesse (1909) as 
possessing a mouth, peristome and cell aniis, forms an unbroken, 
living, protoplasmic membrane. The endoplasm, or fourth zone 
finally, forms the bulk of the organism and contains the single 
nucleus usually provided with a large endosome. Faraglycogen, 
volutin granules and other products of living activity make the endo- 
plasm dense and homogenous so that it appears white by refiected 



* SPSCiAL MORPHOLOGY AND TAXONOMY OF SPOROZOA 423 

and black by transmitted light. Crystals nf protein-like- substance 
are present in many cases, also crystals which have been identified 
as calcium oxalate. Between endoplasm and ectoplasm, finally, a 
system of myonemes may be found in some cases. According to 
Schneider these form a plexus or network of fibrils aroimd the body; 
according to Doflein they form transverse rings about the cell and 
in longitudinal sections can be detected only as minute circular 
granules. Cr&wley, in opposition to Schewiakoff,. interprets the 
movement of gregarines as due to these circular myoneme-like fibrils, 
the organism utilizing them very much as a snake uses its ribs. 
Some forms, notably the Monocystidee, may be highly metabolic; 
' others move steadily in one direction a characteristic mode of pro- 
gression which has given rise to tbe term gregariform movement. 

Motile forms are limited to the free types in the digestive tract 
or body cavity. Quiescent forms are usually attached to some epi- 
thelial cell by a portion of the gregarinc known as the epimerite. 
This is a differentiation of the periplast frequently called the epicyte 
which in different species has characteristic and varied forms with 
specialized attaching proces^s in the form of hooks, anchors, fila- 
mCnts, etc. They are formed only by the polycystid gregarines or 
those with more than oiie chamber (monocystids). The epimerite 
is readily discarded and left in the host cell while the adult organism 
a gamont, lies free in the cavity of the organ. In these forms the 
body is divided by a transverse septum which is formed by an 
in^owth of the ectoplasm, into an anterior portion termed the 
primite, and a posterior portion called the deutomerite. The single 
nucleus is almost invariably in the deutomerite. 

The life history varies from a relatively simple and uncomplicated 
progression from sporozoite to sporozoite to a complex alternation 
of generations involving different hosts. The simpler histories 
are found in the Eugregarinida such as Monocyatis species or in 
Ijonkesterta ascidiae (Fig. 179). The latter is a parasite of the 
digestive tract of the ascidian Ciom intestinalis which becomes 
infected by eating contaminated food. The ^rozoites are liber- 
ated from the spuroblasts and enter epithelial cells where they 
develop into gamonts. The adult forms are free in the lumen of the 
gut and are characterized by the possession of a peculiar pseudo- 
podimn-like knob which is regarded as a tactile organ. Two of 
these adults come together in “pseudoconjugation." A delicate 
membrane is formed and within this membrane eadi of the indi- 
viduab forms a large number of gametes. From the great nucleus 
a smaller nucleus is formed and this divides repeatedly, its products 
passing to the periphery where small buds, each containing a nucleus 
are pinched off as gametes. A gamete from one individual meets 
and fuses with a gamete from the other. A fertilization membrane 
is formed which becomes ^ capsule of the sporoblast. The syn- 
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karyon divides three times and eight daughter nuclei are formed 
which become the nuclei of eight sporozoites. In each sporocyst, 
therefore, there is a possibility of as many zygotes and iqraroblasts 
as there are gametes formed by one of the original gregarines. The 
parasites are passed out of the intestine with the feces and further 
development is inhibited until the sporoblasts are eaten by another 
host. 

A more complex, but still simple life history involves a change of 
hosts. The genus Porospora appears to be represented by several 
species which pass their trophic stages in the digestive tract of 
Crustacea and their sexual stages in mussels. Porospora gigantea 
grows to an enormous size (up to 16 mm.) in the lobster {Homarus 
sp.) where it apparently lives for a long period. Ultimately and 
either in association or individxudly, it becomes spherical and forms 
a cyst-like ball with a diameter of 3 to 4 mm. The ball then divides 
into' many gametocytes each with a diameter of from 5 to 8/i, and 
each gametocyte forms gametes which are arranged radially about 
a central residual body. The gametes are very small (3/* long by 
lju in diameter) and pass out with the feces into the water with 
which they enter the digestive tract of the mussel (Mytilus edUlis) 
where they unite to form zygotes. Each zygote forms a single 
sporozoite which is liberated in the gut of the lobster. 

The Schizogregarinida are more complicated through the intro- 
duction of an asexual reproductive phase in the life history leading 
to spread of the infection in the same host. Under the term “multi- 
plicative reproduction” Doflein distinguishes this phase from the 
reproduction following fertilization which he calls “propogative 
reproduction.” A relatively simple, but very interesting life cycle 
is described by L€ger in the case of Ophryocystis mesnili found in the 
Malpighian tubules of the beetle Tenebrio molUor (Fig. 180). Here 
the asexual cycle is reduced to a process of equal division or multiple 
division whereby a number of gamonts are formed. These gamonts 
unite two by two in pseudoconjugation. The nucleus* of each 
divides twice and one only of the resultant four nuclei becomes 
the nucleus of a gamete. The two gametes become freed in a brood 
chamber where they unite and in which the zygote gives rise to a 
single sporoblast with eight sporozoites. 

In SchixocysHs sipunculi and in EleutheroscMzon dvbosqui the 
asexual cycle is represented by a process of miultiple unequal division, 
the agametes being formed by a process of internal budding (Fig. 
181). 

In some cases, particularly in* the cephalont gregarines, special- 
ized sporoblast disseminating tubes known as sporoducts, are formed 
by the sporocystis.: These are developed as ingrowths from the 
cortical protoplasm which in the ripe sporocyst and under the influ- 
ence of moiature are evaginated ad tubular processes through which 













Fio. 180 .— Ophryocystis mesnili, gamete formation and fertilisation. A, Two 
individuals attached by processes to epithelial cells of a Malpighian tubule of Tene- 
brio moUitor; B, union of gamonts in pseudoconjugation; C, E, divisions (probably 
meiotic) of nuclei of the two gamonts; G to K, formation of two gametes and their 
union in fertilisation; L to N, metagamic divisions resulting in eight sporosoites in 
the single sporoblast. (After L^ger.) 
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the spwoblasts are emitted (Fig. 182). In Gregarina omta they 
are quite short but reach a considerable length in other species of 
Gregarina and in Clepsidrina. 



Fio. 181. — Endogenous budding in Gregarinida. A to Dt Eleutheroschizon 
duhosqui and* formation of endogenous agametes. E to G, Schizocystia sipunculi 
and similar formation of agametes. (A to D, after Brasil, E to G, after Dogiel.) 


Gamete dimorphism is highly variable in different species of greg- 
arines. Isogametes are produced by some q)ecies of Monocyatia, 
anisogametes by others although here the differences are slight. 



Fia. 182.— (fregarina cuneeUa. A, surface view of sporocyst with ripe sporo- 
blasts issuing from sporoducts (e). Bt C, sections of sporocyst with ripening spores 
and developing sporoducts (0. (From Calkins after Kuschakewitsch.) 



Fio. 183.— Gametes of Gregarines and Coccidia. A, male and female gametes of 
Stylorhynchua UmyicoUia; B, Monocyatia sp.; C, spermatosoid of Echirumera hUpidat 
to the left the two gametes of Pterocephalua nofrilia; D, gametes of Uroapora layidia; 
Ef of Greyarina ovata; F, of Schaudinella henlea; and G, of Eirntria achubergi, (From 
Shellack after L|§ger, Cu6not, Brasil, Schnitsler and Schaudinn.) 
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Wdl-marked anisogamy is found in Pterocephalia nobilis (Duboscq 
and I^ger) and in SchaudinneUa henkas (Nusbaum), but in general, 
differences in gametes are much less pronounced than in the Coccid- 
iomorpha (Fig. 183). 

The sporoblasts in different species vary widely in form and in 
sculpturing. The capsule is usually double consisting of an inner 
(endospore) and an outer (exospore) capsule, the latter sometimes 
provided with short spines (Acanthospora) or long filaments {Cerato- 
spora). The typical number of sporozoites in a sporoblast is eight 
but this is not invariable. They are liberated by action of gastric 
juices and emerge through preformed openings or by separatioil of 
the two valves of the sporoblast. They creep out of the endospore 
and make their way to epithelial cells within which the first stages 
of their development occur. 

OUDER 1. Eugregarinidai Doflein Emend. 

The great majority of known gregarines belong to this Order, the 
agamous individuals living for long periods in the host before uniting 
in couples to form isogamous or anisogamous gametes. Di\4sion 
or asexual reproduction ofany kind is unknown. Only exceptionally 
are more, or less, than eight sporozoites formed in each sporoblast. 
They are monocystid (single chambered) or polycystid in structure 
the former grouped in the Sub-order Acephalina, the latter in the 
Cephalina. 

Sub-order 1 . Acephalina, Koelliker (Monocystidea, Stein). 

1. Genus Monocystis, Stein (1848). The trophozoites are often highly 

contractile owing to the peristalsis brought about by the contrac- 
tions of ectoplasmic myonemes. Spores boat-shaped and octozoic. 
Many species from worms and entomostraca, a typical species, 
M. agilia msiy be found almost invariably in the seminal reservoirs 
of the common earthworm, and excellent stages in sporulation and 
fertilization may be easily obtained. ^ 

2. Genus Zygocystis, Stein (1848). The trophozoites are usually found in 

pairs or groups of three. Typical species, Z, cometa, Stein, found in 
the seminal vesicles and body cavity of the earthworm Lumbricus 
agricola, 

3. Genus Zygosoma^ Labb4 (1899). The trophozoite has typical and 

characteristic finger-like processes and is usually found in couples. 
Sporulation unknown. Typical species, Z, gibbosum, Greeff (1880), 
in the gut of Echiurus paUassii, 

4. Genus Pieroapora^ Racovitza and Labbd (1896). The pyriform tropho- 

zoites are always associated in couples. The spores have dissimilar 
poles and the epispore is drawn out into lateral processes. One 
si^cies, P. maUanearunif R. and L., from the coelomic cavity of 
middanid worms. 

5. Genus Cystdbia, Mingazzini (1891). The trophozoites are large and 

irregular iniorm and usually have two nuclei due to the early fusion 
of two individuals. The spores are heteropolar, and the epispore is 
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drawn out into chimney-like projections at one pole. One sj^cies. 
C. holoihuricB, A. Sch., from the blood vessels and body cavity or 
holothurians. 

6. Genus lAthocystiSf Giard (1876). The trophozoite is characterized by 

an endoplasm filled with crystals of calcium oxalate. The epispore 
has long processes. A single species from the ccelomic cavities of 
various echinids. 

7. Genus Ceratospora, lA^r (1892). The trophozoites fuse by their 

truncated ends and give rise to spores without encysting. The spores 
are characterized by long spinous processes. A single species, 
C. ndrafyiliSf Ldge^ from the body cavity of Glycera. 

8. Genus Urospora, A. Schn. (1875). The spores are characterized by 

the presence of a loi^ caudal filament at one pole. Several species 
from the body cavities of oligochetes, nemertines, sipunculids, and 
other marine invertebrates. 

9. Genus Gomspora, A. Schn. (1875). The trophozoites are quite variable 

‘ in form and f^ve rise to heteropolar Spores bearing from one to 
several tooth-like processes at one pole, and rounded at the other. 
Four species from the body cavities of ^lychaetous worms. 

10. Genus SyncysHs, A. Schn: (1886). The spores are ovoid or boat- 

shaped, with spines or processes at each extremity. One species,. 
S, mirabiliSf A. Schn., from fat body and coelom of species of Nepa. 

11. Genus Dipheystis^ Kunstler (1887). The trophozoites fuse precociously 
* to form spherical masses of gregarines in the body cavity of crickets 

and cock-roaches. The spores are either spherical or oblong. 

12. Genus Ijankesteriaf Mingazzini (1891). The spores are more or less 

flattened or spatulate, oval in outline, and octozoic. Type species, 
L. ascidiWf Lank, from the gut of Ciom ifUeHimlis, 

13. Genus Callyntrochlamys^ Frenzel (1885). The trophozoites have a 

central constriction but no septum dividing the body into protomer- 
ite and deutomerite; they are covered by a fur-like fringe of processes 
’ resembling cilia. The spores are unknown. Type species, C. 
phronimoB, Frenz., from the gut of Phronima sedentaria. 

14. Genus Ancom, Labb5 (1899). The trophozoite has a peculiar anchor- 

like form by reason of two lateral bulgings of the body. Stores 
unknown. Species, S. sagittata, Leuck. from the gut of Capitella 
capitata. 


SuB^oRDER 2. Cqphalina, Delage (Polycystldea, Stein). 

Eugregarines possessing an epimeritc at some stage of the life history 
either in the adult phase or during the temporary young phases. The body 
is usually divided by a septum into protomerite and deutomcrite and the 
gamonts arc frequently associated in couples arranged tandem each couple 
consisting of an anterior primite and a posterior satellite. Parasites 
confined mainly to the digestive tracts of various arthropods. The 
classification follows Watson (1916) with only minor changes. 

Family 1. OregarixddzB, Labb5 (1899). Individual solitary or asso- 
ciated (with satellites), in latter case with septum. Epimeritqs simple and 
symmetrical. Cysts with or without sporoducts. 

1. Genus Gregarina, Dufour (1828). Biassociative. Epimerite small, 

cylindrical or globular; cysts open by sporoducts. 

2. Genus Hirmocystis, Labb4 (1899). Individuals associated in groups of 

two to twelve. Epimerite a small papilla; cysts open by simple 
rupture; sporoblasts ovoidal. 
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3. Genus HyalospoTa, Schneider (1876). Biassociative; epimerite a small 

knob; cysts op&i by rupture; endoplasm yellow-orange; sporoblasts 
ellipsoidal. Gut of Petrobius sp. 

4. Genus Cnemidosporaf Schn. (18^). Solitary; protomerite globular 

anterior half gray, posterior half yellow-green; cysts open by simple 
rupture; spores ellipsoidal. Gut of Glomeris. 

5. Genus Evspora, Schn. (1875). Biassociative; no sporoducts; sporo- 

blast prismatic. Gut of Rkizotrogua estivita. 

6. Genus Sphoerof^stis, L6ger (1892). Solitary; protomerite temporary, 

body spherical; cysts without sporoducts, sporoblasts ovoidal. 

7. Genus Gamo^atis^ L6ger (1892) Schn. (1875). Associative; protomer- 

ite only in young stages, cyst with sporoducts, sporobli^ts cylin- 
drical and elongate. Cock-roach and other insects. * 

8. Genus Frenzelina, Liger and Dub. (1907). Biassociative, cysts with- 

out sporoducts, sporoblasts ovoidal with a dark equatorial line, 
epimerite unknown. 

9. Genus Uradiophora^ Mercier (1912). Bi- or triassociative, epimerite 

a simple style forked at end, cysts without sporoducts, sporoblasts 
dolioform. 

10. Genus Leidyana^ Watson (1915). Solitary: epimerite a ^obular knob; 

cyst with sporoducts; sporoblasts doliororm. 

Family 2. Stenophorldm, L4ger and Duboscq (1904). Individuals soli- 
tary; epimerite absent or a mere knob; cysts without sporoducts; sporo- 
blasts oval with broad exospore and with equatorial line, sporobl^ts not 
extruded in chains. 

11. Genus Stenaphora, Labb5 (1899). Gamonts la^e with rudimentary 

epimerite, sporoblasts with dark sutural line, intestine of millipedes. 

12. Genus Odcephaltis, Schn. (1886). Epimerite a spherical knob on a 

short conical neck. 

Family 3. DidymophyidflB, L5ger (1892). In associations of two or 
three, satellites without septa. 

13. Genui Didymophyes, Stein (1848). The epimerite has the form of a 

small pointed protuberance, sporocyst without sporoducts, sporo- 
blasts eUipsoidal, gut of species of Aphodius. 

Family 4. DactyloiAoridm, 14ger (18%). Individuals solitary; epimer- 
ites asymmetrical and irregular with digitiform processes; sporocysts open 
by simple rupture or by ^welling of a residual mass of plasm termed a 
'^pseudocyst;” sporoblasts elongate, cylindrical or ellipsoidal. * 

14. Genus DactylophoruSf Balbiani (1889). The protomerite is dilated 

excentraUy and bears epimerite with digitiform processes, indi- 
viduals solitary; sporocysts open by swelling of lateral pseuaocyst, 
sporoblasts cylindrical and emitted in oblique chains, gut of Cryp- 
tops horkmia, 

15. Genus Nina^ Grebnecki (1873). Protomerite formed of two long and 

narrow horizontal arms turned up at ends, and said to bear a small 
nucleus (?) , the attaching surface bears teeth from which filaments 
arise, sporoblasts emitted in oblique chains, gut of myriapods. 

15. Genus Trtcfiorhynchiia, Schn. (1882). Protomerite truncated, epi- 

merite elongated and conical, sporocysts open by lateral pseudocysts, 
sporoblasts not in chains, gut of Scutigera. 

16. Genus Echinomera Labb6 (1899). Epimerite an excentric cone with 

eight or more short digitiform processes from the sides, sporocysts 
open by siniple rupture, sporoblasts cylindrical and in chains, gut 
of 
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17. Genus RfurpaUmia^ L6ger (1893). Solitary; epimerite a subspherical 

cushion with ten or more short finger-form processes, pseudocyst 
present, sporoblasts cylindrical, gut of different myriap^s. 

18. Genus Acvtispora^ Crawley (1903). Sporocjrsts open by pseudocysts, 

sporoblasts biconical with endospore plug at each end, epimerite 
not seen, gut of Lithobiita fortijicaiua. 

20. Genus Afctomera, Duke (1910). Kpimerite conical with excentric apex 

'surrounded by numerous branched processes, sporocysts open by 
simple rupture, sporoblasts biconical, gut' of leeches. 

Famil^r 5. AcUnoi^halidsBt L4ger (1892). Individuals alwa 3 rs solitary 
with variable epimerites; sporocysts open by simple rupture; sporoblasts 
biconical, cylindrical, or navicular. 

21. Genus Sciadophora, Labhi (1899). The epimerite is lam and flat- 

. tened, protomerite umbrella-shape, with radiating ridges, sporo- 
blasts biconical, gut of Phalangium sp: 

22. Genus Anihorhynchua^ Labb^ (1899). Epimerite in the form of a large 

grooved knob or button, sporoblasts ovoidal, pointed, gut of 
Phalan^um opilio. 

23. Genus PileocephaliiSf Schn. (1875). Epimerite lance-like or simply 

conical^ sporoblasts biconical, different species in intestines of 
^ Necrdbia ruficollis^ Blabera claraziana, and Myatacides of the Coleop- 
tera, Orthoptera and Neuroptera respectively. 

24. Genus Amphoroidea, Labb5 (1899). Protomerite short and cup-like, 

epimerite a globular papilla, sporoblasts curved, gut of myriapods. 

25. Genus DtscorAyncAixs, LabM (1899). Protomerite larger thandeuto- 

merite which is cylindrical and truncated posteriorly, epimerite large 
and globular with a thin collar around the base, cysts spherical; 
sporoblasts biconical and slightly bent; gut of neuropteron, Seri- 
costomasp. 

26. Genus Stictoapora, L5ger (1893). Epimerite with globular head de- 

pressed ventrally and covered \rith ribs which project posteriorly 
as spikes; sporoblasts biconical and slightly curved; intestines of 
species of Melolontha and Rhizotrogus larvae. 

27. Genus Schneideria. L^ger (1892). Gamonts without protomerite; 

epimerite a thick plate bordered by rib-like thickenings; sporoblasts 
biconical; intestines of Bibio marci and Sciara niMicoUia larvae, 
Diptera. 

28. Genui^Aaterophora, lAger (1892). Epimerite a circular disc with ribs 

surrounding a prominent central style; sporoblasts cylindrical with 
conical ends, intestines of insect larvae. 

29. Genus Bothriopaia, Schn. (1875). Epimerite an ovoidal structure with 

six or more long slender filaments; individuals motile; transverse 
septum convex anteriorly; sporoblasts biconical, gut of Hydaticvs 
cinereua, 

30. Genus Coleorhynchw, Labb4 (1899). Protomerite a circular shallow 

disc depressed sucker-like in center, the septum projects into the 
protomerite, sporoblasts biconical or navicular, gut of Nepa dnerea.' 

31. Genus Legeria, Labb£ (1899). Protomerite enlarged and club-like with 

invading septum as above, sporoblasts sub-navicular, gut of 
Colymbetes sp. 

32. Genus Phialoidea, Labb4 (1899). Complex stalked epimerite consisting 

of a discoid retractile cap surrounded by a circular ridi^ with a 
collar-like membrane and with ridges ending in triangular teeth, 
sporoblasts biconical, gut of Hydrophilus larvae. 
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33. Genus GmiorhynchuSj Schn. (18^5). The epimerite is discoid and borne . 

on a long neck and bears a tuft of short bristles; sporoblasts sub- 
navicular; gut of n3rmphs of Libellulidse. 

34. Genus ActinocephaliLSy Stein (1848). Epimerite small, sessile or borne 

on a short neck, with from eight to ten sharp spines or simple 
bifurcate processes; sporoblasts biconical; several species from the 
intestines of beetles. 

35. Genus Pyxinia, Hammerschmidt (1838).— The epimerite is a flat 

crenulate disc from the center of which rises a short or long style; 
sporoblasts biconical; many species in digestive tracts of Coleoptera. 

36. Genus BeloiAes, Labb4 (1899). Epimerite in the form of a disc or knob 

bearing about ten teeth in addition to a long spike; sporoblasts 
navicular or oval; in digestive tracts of si^cies of Dermestes. 

37. Genus Styloqjstis, L6ger (1899). Epimerite in the form of a long spine 

which is usually curved; sporoblasts biconical; larva of Tanypus sp. 

38. Genus TcmiocysHsj JAger (1906). Epimerite a short sphere set with 

six or eight recurved hooks; deutomerite divided by transverse 
septa into numerous transverse segments; sporoblasts biconical; 
gut of the neuropteron Sericostoma. 

39. Genus HoplorhynchiLS, Cams (1863). Epimerite a flat button with 

eight to ten Anger-form processes carried on a long collar; sporo- 
blasts biconical; digestive tract of myriapods. 

40 Genus Amphorocephalm^ Ellis (1913). h]pimerite dilated in the middle 
and terminates in a concave disc with a fluted periphery; the'^b^o- 
tomerite is constricted across the middle; sporoblasts unknown; 
gut of Scohpendra heros, 

41. Genus Steinina, L4ger and Duboscq (1914). Epimerite a short mobile 

finger-form process which may change into a flattened button; 
sporoblasts biconical; several species in different species of Coleop- 
tera. 

Family 6. Acanthosporide, L6ger (1892). Gamonts always solitary; 
epimerites simple or with appendages; sporocysts open by simple rupture; 
sporoblasts ornamented with bristles at the poles or at the equator. 

42. Genus Corycella, L^ger (1892). Protomerite spherical and somewhat 

dilated; epimerite a knob with a crown of eight large recurved hooks; 
sporoblasts biconical with four spines at each pole; digestive tract 
of Gynnus natator, 

43. Genus Acanihospora, L^ger (1892). Epimerite a simple conical knob; 

sporoblast biconical or oval with a girdle of equatorial spines and a 
group of four spines at each pole; species in the gut of ()moplus sp. 
and Cistelides sp. larv®. 

44. Genus Ancyrophoraj L^ger (1892). Deutomerite pointed; epimerite a 

knob with appendages in the form of recurved hooks; sporoblasts 
biconical with polar tufts and six equatorial bristles; two species 
from various Coleoptera. 

45. Genus CometoideSy Labb6 (1899). hipimerite a spherical knob flattened 

centrally and bearing a circlet of flexible filaments; sporoblast with 
a tuft of bristles at each pole and two circlets of bristles about the 
equator; two species from the Coleoptera Hydrous sp. and Hydro- 
bius sp. 

Family 7. StyloceidialidflB, Ellis (1912). Gamonts solitary; epimerites 
varied; sporoblasts irregular in shape, brown or black, and in chains. 

46. Genus StylocephaluSy Ellis (1912). Epimerite a dilated knob at the end 

of a long and slender neck ; sporocyst marked by small papillse and 
indentations; sporoblasts Imt-shape; several species in Crustacea, 
Phalangidse, and Coleoptera. 
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47. Genus SjiharoeyaUt, I^bM (1899).* Epimerite a small sphere or ellip- 

soid at the end of a long slender neck: gut of CppAon paUidvius. 

48. Genus Lophoeephdlut, Labbe (1899). Epunerite la:^, sessile flat and 

cup-like diw with crenulate margin and numerous upright digiti- 
form processes; sporoblasts black and hat-shape; gut of Hdopa 
sbriatua. 

49. Genus Cyatoeephalua Schn. (1886). Epimerite a large lance-shape papilla 

set on a short stout cylindrical neck; sporoblasts of irregular shape; 
gut of Pimelia sp. 

Family 8. MenoqKuldsB, L4ger (1892). Gamonts solitary ; epimerite a 
large cup bordered with hooks and placM on a long slender neck; sporo- 
cysts open by simple rupture; sporoblasts crescentic, smooth 

50. Crenus Menoapora, lAg/ar (1892). Characters of the family; gut of 

Agrion sp. 

Order 2. Schixogregaiinida, L£ger (1892). 

The Schizogregarinida are parasites of the digestive tract and 
appended organs of arthropods, annelids and tunicates. They 
differ from the Eugregarinida in having an asexual or multiplicative 
cydet the sporozoite growing into an agamont either as an intra- 
cellular or an extracellular parasite. Asexual reproduction occurs 
by division,' internal budding or by multiple division. The life 
history, gamete formation and metagamic divisions of the zygote 
vary widely and no characteristic difference marks the sporoblasts 
from those of the Eugregarinida. Change of hosts is safely estab- 
lished for only one type— the Porosporidie. According to the pres- 
ence of one or of more than one sporoblast in a sporocyst L6ger and 
Duboscq divide the group into subdivisions, the Monospora and 
the Polyspora. Systematically this is preferable to the subdivisions 
into Entoschiza and Ectoschiza as suggested by Fantham on the 
basis of the mode of parasitism of the young stages. Owing to 
absence bf information in connection with the life history of the 
majority of forms it seems wiser at present to follow Doflein in 
cutting out further subdivisions entirely except for the families as 
follows. 

Famfly 1. OpbiyoeystidflB, L4ger and Duboscq (1900). These are the 
best known of all the schizogregarines, the full life history having been 
worked out by lAger (1907). They are extracellular parasites of the Mal- 
pighiw tubules of beetles with asexual reproduction by simple or multiple 
division. The single sporoblast (see above p. 424) is characteristic but its 
structure differs in the manv different species. The sporocyst membrane is 
sinfdc or multiple (Fig. 184) and the number of sporozoites is eight. 

1. (^us OphryocyaHa, A. Schneider. With the characters of the family. 

Family 2. Sdiiiocystidas, lAger and Duboscq. Cylindrical or elongated 
with a differentiated anterior end. Agamogony by multiple division, extra- 
cellular. Pseudoconjugation, gamete formation and sporoblast formation 
with eight sporozoites, as in Eugregarinida, 

28 




Fig. 184. — Reproductive bodies in Sporoeoa. A, agametcs of Barrouxia omata; 
jB, C, sporoblosts of same with exit of sporosoites; /), tailed sporoblast of Uroapara 
lagidia; E, F, sporoblast df Ophryocyatia meanili with single and multiple spore cases; 
(7, spore of Ceratomyxa sp.; H, coccidian sporoblast with four sporosoites; J, spore 
of Leptotheca agilia; X, type of Myxobdua spore; L, sporoblast of CryataUoapora erya- 
talUndea: M, Nt coccidian sporoblast with two sporosoites. (After Schndder. Wasie- 
lewsky, Th41ohan, lAger and Brasil.) 
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2. Genus SchizocysUsy L4ger (1^). With the characters of the family; 

parasites of marine annelids and sipunculids. 

3. Genus Eleutheroschizon, Brasil (1906). Agamogamy by internal bud- 

ding. Parasite of scoloplos. 

Family 3. SeleniidsB, Brasil (1905). Highly motile worm-like forms 
parasitic in marine annelids and in Gephyrea. An epimerite-like attaching 
organ and myonemes running the entire length of the body are present. 
The sporozoites develop as intracellular parasites into agamonts which 
reproduce by multiple division. The gamonts unite in pseudoconjugation 
and form isogametes as in Eugregarinida; the sporoblasts are spherical, 
provided with spines and give rise to four sporozoites. 

4. Genus Selenidium, Giard. With the characters of the family. 

5. Genus Selenococcidium, L4gcr and Duboscq (1910). Similar to Sele 7 i» 

idium in form and agamous reproduction but very much like the 

Coccidia in gamete formation and absence of pseudoconjugation. 

Parasite of the lobster; sporoblast formation unknown. 

Family 4. Merogregarinidm, Porter (1909). Parasites of the ascidian 
AmouroBcium (?); sporozoites and agamonts intracellular; sporoblasts with 
eight sporozoites. 

6. Genus Merogregarim^ Porter. With characters of the Family. 

Family 5. Porosporidss, L4ger. These arc large forms (lip to 16 mm.) 
found in the digestive tract of Crustsicea. Full development is unknown; 
in one species— Perespora Ugeri Beauchamp— two individuals become 
encysted together and undergo what is reported to l^e agamogony, or the 
formation of an immense number of so-called “gymnospores.^^ In P. 
giyantea the individuals undergo such a process of reproduction singly, the 
‘^gymnospores^^ developing as gamonts in the mussel Mytilus edulis. It is 
quite possible that sucli ^‘gymnospores^^ are gametes in which case the 
Porosporidaj should be included with the Eugregarinida. Change of host 
appears to be obligatory in Crustacea and lamellibranch mollusks. 

7. Genus Porospora, A. Schn. (1875). Several species with clmracb^rs as 

above. 

Family 6. Spirocystidm, L^ger and Duboscq. Forms infesting prac- 
tically all of the organs of Lumbriculwi variegatm Mull. Agamogony and 
gamogony occur in the same host, sporoblasts with one sporozoite, aga- 
monts spirally wound or crescentic. 

8. Genus S piracy stis nidida, I^gcr and Duboscq; characters as above. 

Family 7. CaulleryellidsB, Keilin. Intestinal parasite of the larva of 
the dipteron Aphiochceta rufipes. The agamont gives rise to sixteen aga- 
nietes, gamonts come together in pseudoconjugation each forming eight 
gametes, sporoblasts elongate, oval, each with eight sporozoites. 

9. Genus CaiUleryellaf Keilin; characters as above. 

Sub-class II. COCCIDIOMOltPHA, Doflein. 

While the Gregarinida are practically limited to invertebrate 
hosts and are typically lumen-dwelling parasites, the Coccidio- 
morpha are widely distributed in all groups of animals and are 
typically intracellular parasites in all stages of growth and repro- 
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duction. Change of hosts with alternation of generations while 
by no means universal, is more common than in the Gregarinida. 
Agamogony is characteristic of all types and leads to multiple 
infection with frequently lethal results to the host due to the 
destruction of multitudes of epithelial or blood cells, to thrombus 
formation, or to the liberation of toxins. The life cycle varies 
from relative simplicity to great complexity; gamonts become 
differentiated into gametocytes which may be recognized as male 
and female; gametes are anisogamous with rare exceptions; zygotes 
give rise to sporoblasts which may (Coccidia) or may not (Haemo- 
sporidia) be protected by resistant menibranes. The presence or 
absence of sporoblast capsules is of primary importance in the 
mode of life and the life history, and affords an excellent basis for 
the natural classification of the group into two Orders, Coccidia 
and Haemosporidia, epithelium and blood*dwelling parasites respec- 
tively. 

Order 1 . Coeddia, Leuckart, Em. 

Typically epithelial-cell dwelling parasites with encapsulated 
sporoblasts. Exceptions to both generalizations, however* are 
known; thus Cryptosporidium muris, Tyzzer; Fdineria mitraria, I,av. 
and Mesn., and OrchmMus herpobdellte, Kunze, are lumen-dwelling 
coccidia, while in DobeUia and in LegereUa sporoblast capsules are 
absent. Hemogregarines are not epithelial cell parasites but live 
in blood cells both leukocytes and red cells. In other respects the 
group is fairly homogenous and the life history as outlined on p. 418 
is typical for practically all species. Variations in details as for 
examine time (before or after fertilization) of formation of the 
sporocyst capsule, number of sporoblasts formed by the zygote, the 
presence 6r absence of a residual body in sporocyst or sporoblast, 
and the number of sporozoites in a sporoblast are useful in dis- 
tinguishing genera and species. 

Anisogamous gametes are typical throughout the group'. In some 
cases they approach the gregarine type with pseudoconjugation, 
although cyst membranes are not formed. Thus in Adeleidse, 
some types, for example Adelea and DobeUia, are represented by 
gametocytes which come together in pseud(K*onjugation; one, the 
microgametocyte undergoes nuclear division until usually four 
(more in DobeUia) microgamete nuclei are formed. One of these 
nuclei penetrates the macrogamete and fertilizes it. In other cases 
fertilization is brought about by wandering flagellated microgametes. 

Cellular differentiations are much less numerous than in the 
gregarines, particularly is this true of the cortex. They are motion- 
less forms without myonemes or other motile organs save flagella of 
the microgametes, and cellular processes are generally absent. The 
endoplasm is usually well stored with products of metabolism some 
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of which are so characteristic that they have received the name of 
coccidin. They are all osmotic in nutrition, and infection is always, 
so far as known, by the contaminative method through the digestive 
tract. The sporozoite penetrates an epithelial or other definitive 
cell, grows at the expense of the cell which it ultimately destroys, 
and forms agametes while still intracellular. Cyclospora karyolytica, 
Schaud. of the ground mole enters the nucleus of the intestinal epi- 
thelial cell and as a karyozoic parasite completes its life history. 

We follow Doflein in dividing the Coccidia into two families the 
Adelcidse and the Eimeriidse, each further divided into sub-families 
as follows: 

Family 1. Adeleide, L^ger. Forms with a small number, usually four, 
of non-fiagellated gametes derived from a microgametocyte, macro- and 
microgametocytes sexually differentiated and united in more or less youthful 
stages in pseudoconjugation. Four sub-families are recognized, three of 
them characterized by L^ger but the grouping should be regarded as ten- 
tative until further knowledge of the different genera is forthcoming. 

Sub-family 1. Lagerellinflo, L4ger. The single genus included here is 
said to be characterized by sexually differentiated agametes. Sporozoites 
are Ibrmed directly by the zygote without six)roblasts, zygote with two or 
three cyst membranes. 

1. Genus LegerelUtf Mesnil. With four microgametes; Malpighian tubules 

of species of Glomeris. 

Sub-family 2. Adeleinn, L^ger. Sporozoites two or four in number in 
each sporoblast, sporoblasts oval and discoid four or more in number in each 
sporocyst. 

2. Genus AdeUa, A. Schn. Many sporoblasts fonned in each cyst; each 

sporoblast with two sporozoites arranged t^te a t^te; gut of Liihr 
ohius fortificatiLS and of insects. 

3. Genus Adelina^ A. Schn. With thick-walled spherical sporoblasts 

formed in a thick walled cyst; different tracheates. 

4. Genus Chagasia, L4ger. A possibly allied form with sporoblasts each 

with four sporozoites; from the Brazilian hemipteron Dysdercua 
rujicollis L. 

5. Genus Hyalokhssiaj Labb4 (1899). Numerous sporoblasts with two 

or four sporozoites. 

6. Genus Minckinia, Labbd (1899). Many sporoblasts each with two 

sporozoites and with two long threads; liver of Chiton and Patella 
species. 

7. Genus Klossia, A. Schn. (1875). Sporocyst with a large number (up 

to 160) of globular sporoblasts each with four sporozoites; kidney 
parasites of land snails (species of Helix and Succinia). 

8. Genus OtcheobiuSy Kunze (1907). Macrogamete very large and worm- 

like; microgametocyte much smaller forming four microgametes, 
sporoblasts globular, twenty-five to thirty in number and each with 
four sporozoites, testis of HerpohdeUa atomaria (Nephelis vulgaria). 

Sub-family 3. Hamogregarina, lAger (in part) Fig. 177. The hemo- 
gregarines are Adeleidse parasitic in the blood cells of vertebrates in which 
the asexual phase occurs, the sexual phase is carried on for the most part 
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in the digestive tract of some blood-drawing invertebrate. The red cells 
of fish, amphibia, reptiles, birds and mammals may be infested and in some 
cases the white cells; blood-sucking leeches, ticks, lice and fleas supply the 
needed environment for the sexual generation. In form and in movement 
as well as in pseudoconjugation they recall the gregarines. 

9. Genus Hcmogreganm, Danilewsky (1885). Life history complex and 
for the larger number of species incomplete. The best known species 
is H. stepanowi of the turtle the life history of which, worked out by 
Reichenow, is very complex. The agametes are formed as a result 
of multiple division and are about twenty-four in number in the red 
blood cells of the turtle, ultimately the agamonts instead of forming 
twenty-four products form only four which develop into gameto- 
cytes. These conjugate in the ^t of the leech as in Adelea, the 
microgametocyte forming four microgametes, the zygote gives rise 
to eight sporozoites, hoste, turtles and leeches {Placobdella caJtenigera 
for H. stepanowi). 

10. Genus Karyolysm I^abb^ (1894). Blood parasites of reptiles (snakes, 

turtles and lizards), K. lacertarum, Danil. of the lizard best known, 
here individuals are dimorphic, one type forming larger agametes 
the other, smaller, the larger agametes serve for asexual reproduc- 
tion, the smaller, form gametocytes (Reichenow) which form 
gametes in Liponyssus saurarum; two individuals of similar size come 
together in pseudoconjugation and form a delicate cyst wall*, the 
macrogamete grows mpeh larger than the microgametocyte which 
forais two microgametes, the zygote forms twenty to thirty sporo- 
zoites, infection of new host is brought about by feeding on infected 
mites. 

11. Genus Hepatozodn, Miller (1908). Hajmogregarine of the rat with 

sexual cycle in the mite Lelaps echidninus; rats infected by eating 
infected mites, sporozoites liberated in rat^s intestine penetrate the 
gut wall and enter the blood stream where they are carried to the 
liver, agamonts develop in liver cells where agarnogony occurs with 
the formation of from twelve to twenty agametes, some penetrate 
leukocytes in the blood and develop into gametocytes. These 
taken into the mite unite in pairs in the gut, the macrogamete 
becomes very large and partly encircles the microgametocyte 
which becomes a single microgamete; fusion is complete and the 
zygote penetrates the intestinal wall of the mite and encysts in the 
body tissues; it ultimately forms from fifty to a hundred cporoblasts 
with capsules, and each sporoblast forms about sixteen sporozoites. 
A similar history is described by Christophers (1906) and by Wenyon 
(1911) for H. canis of the dog with transmission and sexual cycle in 
Rhipicephaltis sanguineus^ and several other species are known from 
rodents other than the rat. 

. 12. Genus Lankesterella^ Labb^. Small worm-like forms in the red blood 
cells of the frog and urodeles the full life history of which is unknown 
although many hypotheses have been given. 

Sub-family 4. DobellinSB, Ikeda (1914). The one genus and species 
included in this group is similar to other Adeleidac in forming pairs in pseudo- 
conjugation but differs from others in having a small microgametocyte 
which forms many microgametes. According to Ikeda the agametes are 
sexually differentiated and have different relations with the host cells, 
those destined to form macrogametes penetrate the nucleus of the host cell 
and later become cytoplasmic, those destined to form microgametocytes 
develop on the periphery of the host cell. The zygote forms about a 
hundr^ sporozoites without capsules. 
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13. Genus DcbeUiat Ikeda (1914). Parasite of the gut of Sipunculida 
(PeUdosUma minutum). 

Family 2. Eiineriidfls, L6ger. The forms included here, generally known 
as the Coccidia, differ from the Adeleid» in having flagellated microgamet^ 
and typical fertilization without pseudoconjugation of gametocytes. 
Sporobl^ts encapsulated for the most part. We follow Doflein in grouping 
the many genera in ten sub-families as follows. 

Sub-family 1. Cryptospoxinss, Ldger. The single genus and species of 
this group forms one of the interesting exceptions to the usual intracellular 
habitat of Coccidia. Like gregarines, it is a lumen-dwelling parasite of the 
peptic glands of the mouse. SpMroblasts are either absent or the sporo- 
cyst may be interpreted as forming one sporoblast with its capsule closely 
applied to the s^rocyst membrane, four sporozoites. The sporozoites 
may develop in the same host thus leading to autoinfection. 

1. Genus Cryptosporidium, Tyzzer (1908). Small forms in the stomach 

glands of the mouse. 

Sub-family 2. Cydospoiina, A. Schn. The single genus included here 
is characterized by the small number of reproductive bodies formed as a 
result of fertilization. The agametes are said to be sexually differentiated 
(Schaudinn) , the zygote forms two sporoblasts each with two sporozoites. 

2. Genus Cyclospora, A. Schn. The best known species is C. caryolytica, 
Sciffi., a nuclear parasite of the intestinal epithelium of the ground mole. 

Sub-family 3. Caryospoxinas, Jj^ger. The zygote forms only one sporo- 
blast with eight sporozoites. 

3. Genus Caryospora, (1904). Sporocyst a thick yellow membrane 

with a knot-like thickening at one point; sporoblast slightly pointed 
at one end; intestinal epithelium of the asp, Viperia aspis L. 

4. Genus jP/ei/mne//a, Wasielewski (1904). The sporoblast has eight 

sporozoites and a conspicuous granular residual mass; parasitic in 
snails Planorbis and Succinia. 

Sub-family 4. Isogporina, L^ger (1911). The zygote forms two sporo- 
blasts each of which has four sporozoites in capsules. 

5. Genus Isospora, A. Sclm. (1881). Many different species have been 

described some of which may turn out to be new genera when the 
full life history is known; parasites in widely different animal groups, 
slugs (/. rara, A. Schn.), cats and dogs and possibly man (f. higemiua, 
Stiles); birds (/. lacazei, Labb6), and lizards (/. mesnili, Sergent). 

Sub-family 5. Simerinn, L6ger (1911). The zygote forms four sporo- 
blasts each with two sporozoites (see typical life history p. 418). A^- 
metes without sexual dimorphism. Many species varying in minor details 
but described by earlier observers as distinct genera which were brought 
together by Liihe as sub-genera of the genus Eimeria, A. Schn. {Coccidium, 
Leuckart). 

6. Genus Eimeria, A. Schn. (1875). Types of the different sub-genera are 

given below with the sub-genus name in brackets. 

(a) Eimeria {Goussia, Labb^), Schaudinn (1900). Membrane of sporo- 
cyst formed after fertilization; sporoblasts without the unex- 
plained phase known as the '^pyramid stage;’' sporoblasts spher- 
ical or oval with two valves which open in the gut of a new host; 
parasites of flsh (Labb4) and of centipedes (Schaudinn). (See 
Fig. 178, p. 419.) 
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(b) Eim^ria s. str. (Eimeria, A. Schn.). Membrane of sporocyst 

fonned after fertilizaticm, sporoblasts spherical or oval with a 
micropyle, opening only in gut of new host. E. falciformiSf 
Eimer (1870) parasite of the mouse , E. atiedoB^ Lindemann 
(1865), parasite of the rabbit and occasionally of man, cause of 
acute diarrhea in cattle. 

(c) Eimeria (Orthospora, A. Schn., 1881), salamandrce (Steinhaus), 

propria (A. Schn.) from different species of Triton, and ranarum 
from the frog. The macrogamete forms the future sporocyst 
membrane before fertilization, “pyramid stage” absent, sporo- 
blasts spherical or oval opening only in the new host. 

(d) Eimeria {Paracoccidiumf Laver, and Mesnil, 1902). Membrane of 

sporocyst formed after fertilization, pyramid stage absent, 
sporoblast capsules formed but soon dissolved leaving sporo- 
zoites free in the sporocyst. E. prevoti, Lav. and Mes., in gut 
of frog. 

(c) Eimeria {CrystaUospora, Labb6). Sporoblasts crystalline in form 
of a double pyramid. E, crystalloides, Thelohan, 1893. Parasite 
of the intestine of different species of Motella. 

In this genus also are probably to be included Eimeria avium 
Silvestrini and Rivolta, the cause of destructive epidemics of 
poultry, E. truncata Hailliet and Lucet (1891) of geese, sporogony 
alone is known, E, pfeifferi, Labb6 (1896), parasite of pigeons, 
E. Jaureiy Moussii and Marotel (1902), of sheep, E. miifuria^ 
Lav. and Mes (1903), parasite of Damonia reeved. 

Sub-family 6. BarrooziiiaB, L4ger (1911) Fig. 184, a, b, c. The zygotes 
in this group form many sj^roblasts each conteining one sporozoite. Sev- 
eral genera have been described but we follow Mesnil and Doflein in regard- 
ing them as sub-genera. 

7. Genus Barroitxiaj Schn. Types of the different sub-genera are given 

below with the sub-genus name in brackets. 

(а) Barrouxia {Diaspora, L6ger). Sporoblast oval with micropyle. 

(б) Barrouxia {Barrouxia, Schn. s. str.). Sporoblast lenticular, 

bivalved, and smooth, digestive tract of myriapods. 

(c) Barrouxia {Echinospora, I^ger).’ Sporoblast oval, bivalved and 

spinous. 

(d) Barrouxia {Urobarrouxia, Mesnil). Sporoblast bivalved with tail- 

like appendage at each pole. 

Sub-family 7. CaryotrophiiUB, L4ger (1911). These are coceidia with 
a rather complicated asexual cycle involving the formation of many aga- 
mete-forming centers termed “agametoblasts.” Pseudoconjugation un- 
known, microgamete-forming centers are derived in the same manner as 
the “agametoblasts,” many sporoblasts are formed, each with many sporo- 
zoites, sporoblasts with micropyles. 

8. Genus Caryotropha, Siedlecki (1902). Parasite of the body cavity of 

the marine annelid Polymnia uebulosa. Frequently groups of indi- 
viduals are present in a cell, these are either agametoblasts each of 
which would form a group of agametes, or they are microgameto- 
cytes each of which would form a bundle of microgametes. The 
zygote produces about twenty globular sporoblasts each with about 
twelve sporozoites. 

9. Genus Klossiella, Smith and Johnson (1902). Parasite of the mouse 

kidney, forms found in a glomerulus were interpreted as asexual 
stages, while those found in the cells of the tubules wei^ regarded 
as sexual. The full life histoiy is not yet known. 
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Sub-family 8 . Angaioeystlu, L^r (1911). A single genus represents 
this group at the present time, the mdividuals are elongate and similar to 
Orcheobim (see above), the zygotes form four sporoblasts each with numer- 
ous (up to thirty) sporozoites. 

10. Genus AngeiocystU, Brasil (1904). Parasite of marine annelid Cirra- 

tulvs. 

Sub-family 9. LeueoeytozoinM, Doflein (1915). The single genus 
Leucocytozodn, Danilewsky is a comparatively frequent parasite of birds 
where it is found in the peripheral blood as elongate macro- and microgame- 
tocytes in leukocytes. It 1^ been variously placed in classification but its 
many coccidia-like phases justify Doflein’s decision to include it here. 

11. Genus LeucocytozodUt Danilewsky. Blood of different types of birds. 

Sub-family 10. Afgregatina, Doflein (1916). These are complex forms 
of Eimeriidfie in which the life history involves a change of hosts. The 
asexual cycle including agamogony occurs in the gut wall of crabs, here 
large numbers of agametes are formed, these, with the crabs are eaten by 
cephalopod molluscs in the intestinal walls of which they develop into 
gametocytes. Many biflagellated microgametes are formed, the zygote 
forms many sporoblasts each forming* a sma.ll number of sporozoites (tlu^, 
eight, twelve). 

Dobell (1925) finds that reduction in number of chromosomes occurs in 
Aggregata immediately after fertilization and not during the formation of 
the gametes. This agrees with Jameson’s account of reduction in the 
gregarine Diplocystia schetderif Kunstler. 

12. Genus Aggregata^ Frenzel (1885). Several species in different decapods 

and in cephalopod molluscs. 

Order 2. Hsemosporidia, Danilewsky, em. Doflein. 

The Haemosporidia are Coccidia-like forms specifically adapted 
for parasitic life in the blodd, particularly of the erythrocytes, 
although some forms become intracellular parasites of the inner 
organs. Vertebrates of all classes— mammals, birds, reptiles, 
amphibia and fish— are subject to infection by one type or other 
and man Is particularly susceptible, the malarial organisms causing 
serious human diseases which in the tropics are frequently fatal. 

Haemosporidia are minute forms, particularly in the agamous 
stages during which they frequently show highly motile amoeboid 
forms, but in other cases they are more rigid and appear like the 
haemogregarines. Contractile vacuoles are absent but cytoplasmic 
non-contractile vacuoles, probably connected with nutrition, are 
characteristic. Pigmented granules (Melanin) are also character- 
istic and are formed as a product of haemoglobin break-down and 
liberated only at periods of reproduction. Other products of 
metabolism, in the form of toxins, may be liberated at the same 
time. 

Alternation of asexual and sexual generations is the rule, the 
former taking place in the blood of vertebrates, the latter in the 
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digestive tract of some blood-sucking arthropod, insects in par- 
ticular. The prevailing opinion is that arthropods were the primary 
hosts and that parasitism in the blood is the result of adaptation. 
One such adaptation, and a very essential one, is the absence of 
protective capsules about the sporo/ioites. The latter are always 
formed in the primary or invertebrate host and are transmitted to 
the vertebrates at the time of drawing blood. A sporozoite pene- 
trates an erythrocyte and grows to an agamont which forms multiple 
aga metes after a definite interval; these agametes are liberated into 
the , blood where other erythrocytes are entered and the asexual 
cycle is repeated. The parasites thus multiply rapidly by geo- 
metrical progression until enough blood elements are destroyed to 



Fla, 185. — Type of HcDmogrogurines. A, HaimoQrcgarina BtRjHinowi : B, and C, 
Lankesterella ranarum. (Original.) 


produce the first marked symptoms of the infection. Hegner and 
Taliaferro (1924) estimate about 1 50,000, (XX) parasitized blood 
elements at this time in the case of human malaria, all parasites, if 
derived from a single infection, undergoing sporulation at practically 
the same time and liberating their toxin simultaneously into the 
blood. Tlie pyrexial attacks of chills and fever in human malaria 
are thus accounted for. Ultimately the agametes develop into 
gamonts which are usually easy to distinguish from the agamonts 
and which are frequently differentiated into macrogametocytes and 
microgametocytes. The gametocytes are taken with the blood 
into the digestive tract of an invertebrate host (mosquitoes) where 
the microgametes are formed and where union of gametes occurs. 
The zygote, like that of some hsemogregarines, is motile and makes 
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its way by. gregariforin movement to the wall of the gut. These 
motile zygotes, termed ookinets by Schaudinn, either enter the 
epithelial cells of the gut or penetrate them and come to rest against 
the inner membranes of the gut wall. Here a delicate sporocyst 
membrane is formed and the amphinucleus divides repeatedly with- 
out cytoplasmic division until a vast number of nucJei results. The 
cytoplasm then divides to form as many naked sporozoites as there 
are nuclei. The delicate sporocyst membrane is ruptured and the 
sporozoites are liberated into the body cavity from which they are 
passed into the blood of the vertebrate and the cycle repeated. 

The life cycle of the hemosporidian thus has many points of 
resemblance to that of the coccidian; the same intracellular mode 
of life, the same asexual generation and agamete formation, the same 
formation of gametocytes and ilimorphic gametes. The micro- 
gametes, however, have no flagella as a rule but move like spiro- 
chetes and the zygote, as noted above, forms naked sporozoites. 
In many cases, however, there is a reminiscence of sporoblast forma- 
tion, when, after the amphinucleus has divided for a certain limited 
n lumber of times, the cytoplasm separates into the same number of 
sporozoite forming centers. The resemblance to the coccidian 
would be complete if such centers were provided with definite 
capsules. 

Classification of the Haemosporidia has not yet been perfected. 
Many blood parasites are minute and their life histories are incom- 
pletely known so that even their protozoan affinities are question- 
able. Such forms will be briefly treated in an appendix to the 
present crhaptcr. The classification adopted here is not. original 
nor final but is frankly based on expediency, although two of the 
families— Plasmodidae and Baljesidje— will probably stand. 

Family 1. HsBmoproteidffi, Doflein (1916). These are blood parasites 
of birds showing some of the cliaracteristics of the hemogregarines. There 
is no apparent asexual increase in the blood cells in which the parasites store 
up pigment and develop into gametocytes which are earlier known as 
Ilalteridium. The gametes are formed in the gut of a biting fly such as 
Lynchia which is louse-like and creeps about in the plumage of birds. 
Zygotes are formed in the gut of the insect (or may be formed on the slide 
as first observed by MacCallum, 1898) and as zygotes make their way 
through the stomach wall into the body cavity of the fly. Here they do 
not develop further but are transmitted by the bite of the fly to the bird 
host where metagamic divisions and sporozoite formation do not take place 
in blood cells but in endothelial cells of the host (Aragao) or in leukocytes. 
The sporozoites enter erythrocytes and grow into large halter-sliape para- 
sites without displacing the nucleus of the cell. These are the gametocytes 
which are early differentiated as macro- and microgametocytes. 

1. Genus UcBmoproteua^ Kruse. Several species in birds of different 
groups, H, noctuas in the little owl Glaucidium rwetua; //. coluwbm 
Cell! and Sanfelice in pigeons, //. danilewskyif 'Grassi and Feletti 
(1890), in larks, ravens, etc. 
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Family 2. PlasmodidaOf the malaria organisms. These ar^ blood para- 
sites of birds and man causing malarial fevers. Agametes arc formed in 
the red blood cells as are also the gametocytes. The latter mature in the 
stomach of the mosquito (species of Culex and Anopheles) , zygotes are 
formed which penetrate the wall of the stomach and form sporocysts 
against the subepithelial tissue. Here, within a delicate membrane, the 
sporozoites are formed in groups re^mbling sporoblasts. The sporozoites, 
liberated into the body cavity of the mosquito, are transmitted with fluids 
from the salivary gland to the blood stream of the vertebrate host. Blood 
parasites of bats and of reptiles are also included here. All have the com- 
mon property of forming pigment (melanin) at the expense of the hsemo- 
globin. 

2. Genus Proteosomaf Labb4 (1894). The cause of bird malaria, trans- 

mitted by different species of the mosquito family Culicidse. Widely 
distributed as bird parasites throughout the world. Probably 
several species but not easily distinguished from the best known 
form Proteosoma prcecox of Grassi and Feletti (1890). 

3. Genus Plasmodium, Marchiafava and Celli (1885). The human mala- 

ria organisms test known by the common names of tertian fever 
parasites causing pyrexial attacks every third day, quartan parasites 
causing attacks every fourth day, and tropical fever parasites 
causing attacks daily or irregularly. Transmission by mosquitoes 
of the family Anophelidse. Characteristics of the family. liiffer- 
ent species are recognized according to the clinical history or by 
differences in the gametocytes. Thus P. vivax, Grassi and Feletti 
(1892), is the cause of tertian fever, P. malaricB Laveran (1883), the 
cause of quartan fever and P. falciparum, Welch (1897), the cause 
of tropical fever. In the last species the gametocytes are large 
and crescentic and differ from the gametocytes of other species and 
for this reason together with the clinical differences, the species is 
regarded by some authorites as having generic value and has been 
named by Grassi and Feletti Laverania malarUB in honor of the 
original discoverer. 

In addition to man and birds other types of mammals are subject 
to blood infection by species of Plasmodium, Monkeys in partic- 
ular are subject to infection, so also are bats (Dionisi) and squirrels. 

4. Genus Achromaticus, Dionisi (1898). Questionably included here 

until the life history is known. The sporozoites form rings in the 
red blood corpuscles of the bat {Vesperugo speeies) and give rise to 
four agametes, pyriform cells resembling Batesia (sec below). Pri- 
mary host unlmown although Neumann believes he has found devel- 
opmental stages in the bat louse Pteroptus vespertilionis. It differs 
from other Plasmodidse in the absence of pigment. 

5. Genus Hcemocystidium, Castellani and Willey (1904). Blood parasites 

of reptiles with pigment formation. Agametes two or sometimes 
four in number are formed in the peripheral blood, gamogony 
unknown, primary host udaiown, included here provisionally (see 
Shortt, 1922). 

Family 3. Babesiidfis. These are unpigmented parasites of small size 
found in the blood corpuscles of various mammals and transmitted by ticks. 
Amoeboid, circular and ring form, and pyriform stages have been described 
for the same organism. Agamo^ny by binary division, budding, or mul- 
tiple division. There is little actual knowledge of the sexual ph^s in the 
tick, if they exist, but there is much speculation rejgarding them. Many 
genera have been described but until the life history is fuUy known it seems 
better to regard them as sub-genera of the original genus Babesia of Star- 
covici, 1893. 



SPECIAL MORPHOLOGY AND TAXONOMY OF SPOROZOA 446 


6. Genus Babesia, Starcovici, 1893. 

(а) Babesia s. str. Parasites of dogs, cattle (Smith and Kilboume 

(1893), ei al), sheep (Babes, 1888, Starcovici, 1893), horses 
(Laveran, 1901), rats (Fantham, 1906), and monkeys (P. H. 
Ross, 1905). 

(б) Babesia {Theileria, Theiler, 1910). Comma- or rod-shape forms in 

the red blood corpuscles of cattle in Africa. Very small (3 m 
long by ^M wide) with nucleus in the form of a homogeneous 
granule of chromatin at one end of the rod. Young forms intro- 
duced by bite of the tick (species of the ^nus Rhipicephaltcs) 
develop, not in the peripheral blood but in the inner organs, 
particularly the spleen and lymph glands. Here they undergo 
multiple reproduction. According to Gonder (1906) gametocy^ 
are formed in the peripheral blood and fertilization occurs in the 
body of the tick. The zygote then develops as in Ptasmodium. 

(c) Babesia (Anaplasma, Theiler, 1910). Very minute corpuscular 

parasites of cattle and dogs, ^m in diameter occupying a position 
near the periphery of the corpuscle. Tick transmission. 

(d) Babesia (Nuttalia, Laveran, 1899). Minute spherical pyriform or 

rod-shape parasites of the red blood corpuscles of horses, mules, 
donkeys and zebras in various parts of the world. 

All of these al)Ove forms agr^ in causing serious epidemics in 
domesticated animals, usually taking the form of hscmoglobinuria 
• or red-water, with marked fever. 

(e) Babesia {Toxoplasma, Nicolle and Manceaux, 1908). A somewhat 

different type of organism found in the leukocytes and cells of 
the spleen, liver, kidney, lungs, etc., of rodents, rabbits and dogs: 
oval, spherical or reniform in shape, multiplication by longitu- 
dinal division in cells. Franca (1917) created a special family for 
these parasites under the name of Toxoplasmidoe, 

Still more uncertain in systematic position are the following, some of 
which are regarded as Protozoa largely because they cannot oe placed 
elsewhere. 

Genus Bartonella, Tyzajer, Brues, Sellard and Gastiaburu (1915). 
Coccus or rod forms of |>arasite in red blood corpuscles, endothelial 
cells of lymph glands and spleen of man causing Oroya fever in 
Peru. The spherical bodies appear to be agamonts containing 
granules and break up into as many rod-shape bodies as there are 
granules which are supposed to invade other corpuscles. Trans- 
mission unknown. 

Genus Rickettsia, Rocha-Lima (1916). Minute rod-like bodies found 
in man and transmitted by body lice. Regarded as the cause of 
trench fever {H, pediculi) and of typhus fever {R, prowazeki). 
Genus Dermacentroxenus, Wolbach (1919). The cause of Rocky 
Mountain spotted fever. Transmitted from ground squirrels by 
ticks of the genus Dermacentor, 

Class II. NEOSPOBIDIA, Schaudinn. 

Some authorities (Hartmann, et al.) regard the Neosporidia as 
an independent stem of the Protozoa with close affinities to the 
Khizopoda with which they certainly have many common char- 
acteristics. They are amoeboid and, in the adult stage usually 
multinucleated. Kncapsulated sporoblasts and general mode of life 
as parasites show some resemblance to the Telosporidia but the 
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life cycle is less complicated and sexual dimorphism and change of 
hosts are absent. Unlike the Telosporidia reproduction does not 
bring the life of an individual to an end but takes place more or 
less continuously throughout the trophic stages, the sporoblasts 
being carried about wit^ the more or less active organism which 
ultimately may become a relatively huge mass of spores. 

Sporulation is entirely different from that in the Telosporidia 
and does not result from the metagamic divisions of a zygote. In 
a typical form of Myxosporidia in which the amoeboid body is 
multinucleated and the nuclei frequently dimorphic sporulation 
begins with a peculiar process of internal budding. An island of 
protoplasm is formed about two of the nuclei, one of each kind if 
dimorphic, and this island, termed a pansporoblast by Gurley 
(1893) is equivalent to a sporocyst and gives rise to two sporoblasts 
each with 7 nuclei after the two nuclei have divided to form 14 nuclei 
which are now all alike. Two of these 7 nuclei disappear with the 
formation of the bivalved capsule of the sporoblast; 2 of them 
disappear with the formation of peculiar nematocyst-like capsules 
termed polar capsules containing coiled threads, 1 is cast out of 
the cell and 2 remain as the sporoblast nuclei which sooner^ or 
later, unite to form one a pro(^s of fertilization known as autogamy 
(Fig. 186). 

The complications are thus of quite a different diaracter from 
those of the Telosporidia but they are not shown by all of the 
Neosporidia, polar capsules, for example, being absent in Sarco> 
sporidia. 

The group is so highly diverse that generalizations are impossible 
apart from the very general statement that, like Telosporidia, they 
may be lumen-dwelling (coelozoic), tissue-dwelling (histozoic) par- 
ticularly of the muscle tissues, or cell-dwelling (cytozoic) in habitat, 
and that new hosts are invariably infected by the contaminative 
method, usually by way of the digestive tract. 

Compared with the Telosporidia the life histories and 'Cytology 
of Neosporidia are little known. Morphologically, however, more 
advance has been made and enough to warrant the division into two 
sub-classes— Cnidosporidia and Sarcosporidia, with an outline 
classification as follows. 

Class Neosporidia, Schaudmn (1900). 

Sub-class 1. Cnidosporidia, Doflein. 

Order 1. Myxosporidia, Butschli. 

Sub-order 1. Eurysporea, Kudo. 

Family 1. Ceratomyxidse, Dofiein. 

Sub-order 2. Sphserosporea, Kudo. 

Family 1. Chloromyxi^, Thelohan. 

Family 2. Sphterosporidse, Davis. 
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Sub-order 3. Platysporea, Kudo. 

Family 1. Myxidiidte, Theloban. 

Family 2. Myxosomatidte, Poche. 

Family 3. IVfl^^obolidse, Theloban. 

Order 2. Microsporidia, Balbiani. 

Sub-order 1. Monocnidea, L6ger and Hesse (1922). 

Family 1. Nosematidse, Labb6 (1899). 

Family 2. Coccosporidse, L4ger et Hesse 
(1922) emend Kudo. 

Family 3. Mrazekidse, L6ger and Hesse (1922) 
Sub-order 2. Dicnidea, L6ger and Hesse (1922). 

Family 1. Telomyxidse, L4ger, and Hesse 
(1910). 

Order 3. Actinomyxida, Stol 9 . 

Sub-class 2. Saroosporidia. 

Sub-class I. CNZDOSPOBIPIA, Doflein. 

The largest number of species and the best known forms of 
Neosporidia are included in this division. Sporoblasts are bivalved 
and contain one or more polar capsules which recall the stinging 
cells of the Coelenterata. The threads of the capsules are probably 
hollow and are spirally wound in the capsule from which they are 
evaginated under proper conditions. Such threads, the function 
of which is entirely problematical, may be short or very long, 
reaching in some cases a length many times that of the sporoblast. 
The germs can scarcely be called sporozoites since they are not 
formed as a result of metagamic divisions following fertilization. 
The term sporoplasm has been used to distingubh the vital, living 
portion of the spore from the other differentiated parts and will be 
used here to designate the young germ up to the time of development 
into the trophic individuals. The spores are all built on the same 
general plan of structure (Fig. 187). 

The form assumed by the trophozoites varies with the habitat. 
Many of the Cnidosporidia are lumen-dwelling and many are cell- 
dwelling, or tissue parasites. The free forms are characterized by 
relatively complex organization with ectoplasm, endoplasm and 
pseudopodia similar to amoebee. The pseudopodia may be filiform, 
lobose or lamellate and locomotion is frequently as active by amoeboid 
movement as in many amoebae. Tissue- or cell-dwelling forms are 
active only in the young stages and according to Dofiein may appear 
in the following conditions: (-1) Enclosed in cysts wUch are 
formed for the most part by concentric layers of connective tissue 
derived from the host, and an innermost layer formed by the 
organism. Huge cysts resulting from association of parasites, and 
easily visible to the naked fiye are formed in many cases. (2) 
“Diffuse infiltration” a term used to indicate collections of parasites 
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between tissue cells where they may fill up cavities without doing 
much or any harm to the host. , (3) Intracellular parasites whereby 
the usually minute organisms live at the expense of the cell host. 
The life histories of different tyi)es will be given in connection with 
the different groups as no general account will suffice for all. 



Fia. 187. — Types of Cnidosporidian spores. A, Noacma apis. After Fantham 
and Porter; B, same, after Kudo; C, />, E, different Haplosporidia spores, after 
Swellcngrcbcl, Perrin, and Swarezewsky; F, Plistophora mucrospora, after L^ser 
and Hesse; G, Plislophora after Schuberg; //, Myxoholus toyamai, after 

Kudo; J, Stempellia magnat after Kudo; K, Mrazekia argoisiy after L6ger and Hesse; 
L, Nosema bomhycesy after Steinpel; Af, Thelohania giardi, after Mcrcier. (From 
Kudo.) 

OiU)ER 1. Iklyzosporidia, Butschli. 

The Myxosporidia are the best known of the Neosporidia both 
as to number of species and life histories. Of the 249 species listed 
by Kudo (1919) all but 1 1 are parasitic in fishes, 5 have been found 
in amphibia, 4 in reptiles, 1 in an insect and 1 in an annelid. They 
are, therefore, characteristic fish parasites, where they occur both 
as coelozoic and as histozoic forms, never, according to Davis (1917), 
29 
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in the digestive tract, but the free forms mainly in the gall and 
urinary bladders, the tissue parasites mainly in the connective and 
muscular tissues. The free forms produce no evident harmful effects 



Fiu. 188 .— Internal buds or “geniniulos” of Spheerospora dimorpka, a myxoaporidian. 

(After Davia.) 
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on the host but the tissue parasites are more disastrous, Myxoholvs 
pfeiffeTiy for example, causing costly epidemics amongst food fishes, 
particularly in the barbel {Barbus barbus L.) of Europe. 

The free or co?lozoic forms are the most generalized in structure 
and the tissue parasites are generally regarded as having been 
derived from them by adaptation (Auerbach, 1910; Doflein, 1916; 
Davis, 1917, et al.). They are somewhat more numerous than the 
tissue-dwelling forms, Kudo enumerating 125 species of the former 
and 114 of the latter while 3 species are apparently transitional, and 
7 of unknown habitat. The free forms often show a remarkable 
resemblance to amoebte; ectoplasm and endoplasm are usually 
differentiated, the former as in some amoeba, forming a continuous 
cortical zone about the organism, or as in other types of amteba, 
evident in certain regions only (Fig. 188). It is occasionally pro- 
vided with bristle-like processes and the pseiidopodia of different 
types are invariably derived from it (Davis). 

The endoplasm is more fluid than the ectoplasm, contains many 
nuclei and metaplasmic bodies in the form of fat globules, pigment 
granules, and crystalline bodies, in some cases embedded in struc- 
tures which under the name of spherules (Davis) are sometimes so 
abundant as to give a characteristic appearance to the organism 
(Fig. 189). 

Like other Sporozoa, the Myxosporidia are highly prolific and 
adaptations to this end are well marked. Asexual reproduction 
occurs by simple division or by multiple division (plasmotomy), 
and by budding. Exogenous budding described by Cohn, 1896 in 
Myxidium lieberkiihni is regarded by Davis (1916) as abnormal and 
without significance in reproduction but internal or endogenous 
budding occurs in Sinuolinea dtmorpha, Davis, where free cells are 
formed about nuclei in the endoplasm. These cells, called “gem- 
mules’^ by Davis escape from the parent organism and develop into 
individuals (Fig. 188). 

Propagative reproduction involves the formation of spores and 
the nearest approac^h to sexual processes to be found in the Neo- 
sporidia. The process has been described by various observers and 
the general agreement of these descriptions indicates a common 
plan throughout the group. Schroder’s account of sporulation in 
SphcBTomyxa sabrazesiy Lav. and Mes. may be selected as an example 
for the entire Order. This form is parasitic in the sea-horse Siphon- 
ostoma rondeletii, and like many others has dimorphic nuclei dis- 
tinguishable by size and structure. Small areas become differen- 
tiated within the endoplasm and contain two nuclei, one of each 
type. These areas, the so-called pansporoblasts, are the mother 
cells of the spores. Each nucleus divides in such order that 7 
nuclei arise from each; the mother cell then divides into two cells 
which are destined to form two spores. Each of these cells has 
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7 nuclei 1 of which is cast out as a “reduction” nucleus; 2 are 
involved in the formation of the two valves of the spore and ulti- 
mately disappear; 2 are connected with the elaboration of the polar 
capsules and similarly disappear and 2 remain as germinal nuclei. 
It is generally assumed that these 2 nuclei are descendants of the 




Fio. 189 . — Leptotheca adasura, vegetative individuals with well-developed spherules. 

(After Davis.) 

original dimorphic nuclei of the trophozoite and observations by 
Schroder (1910), Davis (1916), Erdmann (1911 and 1917), leave 
little doubt that they ultimately fuse in autogamous fertilization 
p. 547). 

The spores which differ from sporoblasts of the Telosporidia in 
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that they are not formed as a result of fertilization, are the most 
characteristic structures of the Myxosporidia and are much more 
highly differentiated than are sporoblasts of the former group. 
They conform to the same general plan of structure throughout but 
differ in axial relations and in sculpturing, as well as in number and 
time of appearance. The spore capsule always consists of two valves 
which are independently developed and come together with a median 
suture dividing the spore into right and left halves. In different 
types the spores may be elongat^ in the plane of the suture or at 
right angles to it. The polar capsules with their coiled threads 
indicate what most authorities regard as the anterior end although 
spores of the Myxidiidse have thread capsules at each end of the 
elongated spore (Fig. 187). We agree with Kudo (1919) that the 
axial nomenclature suggested by Davis (1917). is unnecessarily com- 
plicated and that antero-posterior differentiation is characteristic 
of the vast majority of these spores. Lateral processes, posterior 
spines, and external sculpturing of various types distinguish the 
different genera and species and afford a means of classification. In 
this vip follow Kudo (1919) as follows: 

Sub-order 1. Eurysporea, Kunp (1919). 

Largest diameter of the sf^re at right angles to the sutural plane with 
one polar capsule at each side of the plane and without ^^oclinophilous 
vacuole.” Coelozoic parasites for the most part, the great majority in 
ma];uie fish. A single spore (monosporous), double spores (disporous) and 
many spores (polysporous) formed by individuals. 

Family 1. Ceratomyxidas, Doflein (1899). The sole family with char- 
acters of the sub-order. 

1. Genus Leptotheca, Thelohan (1895). Marine fish parasites; spore with 

hemispherical or rounded valves; disporous where known; 16 species. 

2. Genus Ceratomyxaj Thelolian (1892). Marine fish parasites; valves of 

* . spore extended into long lateral conical and hollow processes; sporo- 

plasm asymmetrically placed; monosporous, disporous and poly- 
sporous; 35 species. 

3. Genus Myxoproteus, Doflein (1898) em. Davis (1917). Marine fish 

urinary bladder; spores more or less pyramidal; disporous; three 
species. 

4. Genus Warduif Kudo (1919). Tissue parasites of fresh-water fish and 

amphibia; spore an isosceles triangle with convex sides; surface of 
spore with fine ridges with fringe of processes at the posterior end; 
polysporous; 2 species. 

5. Genus Mitraapora, Fugita (1912) cm. Kudo. Fresh-water fish kidney, 

spores spherical or ovoidal, valves longitudinally striated with or 
• without long, fine filaments projecting posteriorly in a row at right 
angles to the sutural plane at the posterior end, disporous and 
polysporous; 3 species. 

SvB-o.RDER 2. Sphaerosporea, Kudo (1919). 

Spores spherical or subspherical with two to four polar capsules; sporo- 
plasm without iodinophilous vacuole; monosporous, disporous and i»ly- 
sporous; body cavity and tissues of fresfi- and salt-water fish and amphibia. 
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Family 1. ChloromyzidfiDi Thelohan (1892). Spores with four polar 
capsules; one, two, or many spores. 

6. Genus Chhromyxum, Mingazzini (1890). With the characters of the 

family, 22 species, 2 in amphibia, 20 in fresh- and salt-water fish. 

Family 2. SphaerosporidsB, Davis (1917). Spores with two polar cap- 
sules, monosporous, disporous and polysporous. 

7. Genus Sphcerospora, Thelohan (1892). Coelozoic and histozoic para- 

sites of fresh- and salt-water fish, spores with two polar capsules, 
10 species. 

8. Genus Sinuolineaf Davis (1917). Urinary bladder of marine fish, 

spores with or without lateral processes, disporous and polysiwrous, 
sutural line of spore sinuous, 5 species. 

Sub-order 3. Platysporea, Kudo (1019). 

Sutural plane the longest diameter of the spore or at an acute angle with 
it; one or two polar capsules; sporoplasrn with or without an iodinophilous 
vacuole. Fusiform. 

Family 1. MjxidiidsB, Thelohan (1892). S^re with two polar capsules, 
one at each end; sporoplasrn without iodinophilous vacuole. 

9. Genus Myxidium Biitschli (1882). Ccclozoic and histozoic parasites 

of salt- and fresh-water fishes and in reptiles; spores more or less 
regularly fusiform with pointed or rounded ends, polar threads long 
and fine, monosjjorous, dis|)orous and ix)lysporous, 26 spe(;ies. 

10. Genus ZschokkeWif Auerbach (1910). Cojlozoic parasites of fresh- and 

salt-water fish, spores semicircular in front view, polar capsules 
large and spherical, sutural line usually S-form, monosporous, di- 
sporous and polysporous, 4 species. 

Family 2. MyxosomatidsB, Poche (1913). Spores with two polar cap- 
sules at the anterior end, sporoplasrn without iodinophilous vacuole. 

11. Genus Myxoaoma, Thelohan (1892).^ Histozoic parasites of fresh- and 

salt-water fish, spores ovoidal, flattened, and more or less elongate, 
polysporous, 3 species. 

12. Genus Lentospora, Plelm (1905). Histozoic parasites of fresh- and 

salt-water spores lenticular in form with two polar capsules at the 
anterior end, disporous and polysporous, 6 species. , 

Family 3. IVlyxobolid®, Thelohan (1892). Coelozoic and histozoic para- 
sites of fresh-water fishes mainly, spores with one or two polar capsules at 
the anterior end and with or without posterior processes, sporoplasrn with 
an iodinophilous vacuole, mainly polysfxrrous. 

13. Genus Myxobolm, Biitschli (1892). Histozoic parasites of fresh-water 

fish (56 species), maririe fish (5 species), annelids (1) and amphibia 
(1), spores ovoidal, ellipsoidal or flattened, with one or two polar 
capsules, without posterior processes, 63 species. 

14. Genus Henneguya^ Thelohan (1892). Ccelozoic and histozoic parasites 

mainly in fresh-water fislv, spores spheroidal or ovoidal with two 
polar capsules at the anterior end, posterior ends of shell valves 
prolonged into processes which unite to form a tail in the median 
line, monosporous, disporous and polysporous; 32 species. 

15. Genus Hoferellue, Berg (1898). Ccelozoic and histozoic parasites of 

fresh-water fish; spores pyramidal with two posterior processes from 
the lateral faces; ^lysporous, 1 species. 
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Order 2. Microsporidia, Balbiani. 

Probably because of their minute size the organisms included in • 
this Order are incompletely known and many points of structure 
and of life history are still unknown or controversial. They are 
practically all cell parasites which enter the host by way of the 
digestive tract from which they may spread to all tissues of the 
body, causing epidemics not only in fish, but economically more 
important, costly epidemics in silkworms ( Nosevia hovibyces, Naeg.) 
and honey bees (Nosema apis, Zander). Fseudopodia and amoeboid 
movement are rarely observed {Nosema marionis, Thel). Inter- 
mediate hosts are unknown. 

Agamous reproduction is well established through the observa- 
tions of many investigators. The agametes are small, uninucleate, 
and usually with indefinite outlines which scarcely delimit them from 
the host cell protoplasm; they may have one or several nuclei, and 
multiply a(!tively by simple division resulting frequently in chain 
formation through successive nuclear divisions and delayed cell 
division (Fig. 190). As a result of such agamous reproduction all 
of the tissues of the host may become infected and myriads of tissue 
cells destroyed. In many species tumor-like masses are formed in 
which the organisms are surrounded by a membrane derived from 
the host and are thus encapsulated; in other species such membranes 
are absent. In the majority of cas(‘s spretid of the infection in the 
same host comes to an end with s]x>rulation, but in some species 
renewed infection is brought about by the action of the digestive 
fluids on spores formed in the same organism (Kudo). 

Multiple endogenous budding, or fragmentation of the tropho- 
zoite into numerous binucleate agametes is described for some 
forms (Dcbaisieiix, 1920) and these, as in Telosporidia, ultimately 
give rise to the sporulating individuals. The phenomena of sporula- 
tion differ widely but there is still much uncertainty in the different 
accounts at hand. In some cases the trophozoites are said to i)ro- 
duce pansporoblasts as in Myxosporidia di^riiig the continued vege- 
tative life of the individual (Polysporea). Such eases included 
formerly under the name Blastogenea, are regarded as very doubtful 
by Doflein (1916, p. 1037). In other cases the trophozoite (pansiM)ro- 
blast?) breaks up into numerous sporulating cells each of which 
produces one or more spores (Oligosporea) and in still other cases, 
the entire individual forms a single spore without pansporoblast 
formation (Monosporea). The absence of pansporoblasts in such 
cases is regarded as evidence of extreme adaptation on the part of 
the exclusively cytozoic parasites {Nosema species). 

The spores on the whole are less complex than those of the Myxo- 
sporidia. They are small and ovoidal or bean-shape and rarely 
{Telomyxa, Leger and Hesse, 1910) with more than one polar capsule, 
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in some cases without any. The capsules and threads are invisible 
or very difficult to see in the living spore (hence cryptocysts), but 
are demonstrable upon treatment with alkalies. The spore capsule 
is bivalved in some but consists of a single piece in other species. 
The history of spore-formation agrees in the main with that of the 



Fio. 190.— iSfmpeUia magna, life cycle. A, Developmental stages of young 
amcebula from spore S.; B, stage of nuclear increase; C, formation of sporont; D, 
formation of a single spore, formation of t'wo spores; F, formation of four spores; 
G, of eight spores; H, development of uninucleated spore with polar capsule. (After 
Kudo.) 

Myxosporidia but authorities disagree as to details and convincing 
proof is yet to be demonstrated. * Fertilization processes have been 
described by Mercier (1908, 1909) whereby two isogametes of Theh- 
hania giardi fuse to form the pansporoblast, an observation which 
has not been confirmed. Autogamous, imion of nuclei prior to 
spore-formation and not, as in Myxosporidia in the later sppro- 
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plasm, has been described by Debaisieux (1913, 1915) in species of 
Thdohania and Glugm. 

The life history of SiempeUia magna as given by Kudo (1924) is 
typical of the Microsporidia (Fig. 190). The polar filament of the 
spore (S) is extruded when the spore reaches the mid-gut of its 
'ciilicine host; the uninucleate sporoplasm creeps out of the opening 



Fio. 191.’— Thdohania Ugeri, life cycle. A , Early staKes of sporozoite after leaving 
the spore S; formation of binucleated individuals; C, repeated binary division; 
Dt fusion of the two nuclei to form the sporont; E, to nuclear and cell divisions 
to form eight sporoblasts each of which forms one spore. (After Kudo.) 

made by the cast-off filament, enters a fat cell and becomes an 
agamont and reproduces by division {A). The products ultimately 
become multinucleated with from four to eight nuclei (B), the 
organisms then breaking up into binucleated cells the nuclei of which 
fuse after discarding some chromatin (C). This is identified as a 
sporont which may become transformed into a single spore (D), or 
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it may divide into two (E), four (F), or eight (C), sporoblasts each 
of which forms a single spore after chromidia formation and recon- 
struction of small nuclei (H, /), some of which take part in the 
formation of the capsular thread. A more simple life history is shown 
by Thehhania Ugeri according to Kudo (Fig. 191). 

Classification of the Microsporidia has been in a most unsatisfac- 
tory state but recent monographs on the group have done much 
to remedy the situation. The minor subdivisions given below do 
not differ much from those which have served the purpose for many 
years. One innovation is the inclusion amongst Microsporidia of 
some of the genera hitherto included in a special major division 
—the Ilaplosporidia. Recent investigations, particularly by 
Debaisieux, indicate that species of the type genus Haphsporidimri 
should be included with the Microsporidia and are so treated 
here. Certain species of the Family Bertramidae included by 
Caullery and Mesnil in the Ilaplosporidia, are also grouped with 
the Microsporidia; while the typical forms of Ccelosporidia, e. g., 
Ccelosporidium and Rhinosyoridium^ are apparently not Sporozoa 
at all, but belong to the Chytridiaceae (see Debaisieux, 1916^ 1920 
for Cmlosporidium, and Ashworth, 1923 for Rhinosporidium), This 
leaves only certain species of Bertramia and a group of the incertce 
sedis in the old Haplosporidia, and with Debaisieux, we believe that 
this subdivision of the Neosporidia may well be abandoned. 

OuDER 2. Microsporidia, Ralbiani (1882). 

Sub-order 1. Monocnidea, L4ger and Hesse (1922). 

Spores with one polar capsule and one typically coiled polar filament. 
Family 1. NosematidfiB, Labb^ (189^. Spores oval, ovoid or pyriform; 
if subcylindrical the length is less than tour times the breadth. 

1. Genus Noserm, Naegeli (1857). Each sporont develops into a single 

spore. Widely distributed parasites particularly in insects. N. 
bombyces, the cause of pdbrine in silkworms; N, apis. Zander, the 
cause of wide-spread epidemics in honey bees; othen species are 
parasitic in Proto/iOa, copepods, Diptera and Lcpidoptcra, crabs and 
crayfish. 

2. Genus Glugea, Thelohan (1891). Each sporont forms two spores; 

host cells hypertrophied; forming so-called glugea-cysts. Muscle 
and connective tissue of fish, amphibia, annelids and copopods. 

3. Genus Perezia, L4gcr and Duboseq. Each sporont forms two spores; 

host cells not hypertrophied. Parasites in gregarines {Lankesteria) 
and in Lepidoptera. 

4. Genus Gurleyay Doflein (1897). Each sporont produces four spores; 

parasites of copepods and insects. 

5. Genus Thehhania, Henneguy (1892). Each sporont develops into 

eight sporoblasts, each of which forms one spore. Parasites of 
copepods, decapods and insects, particularly mosquitoes, 

6. Genus SiempeUia, L6ger and Hesse (1922). Sporonts develop into one, 

two, four, or eight sporoblasts, each sporoblast forms one spore. 
Parasites of insects. 
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7. Genus Dvboscqia, Perez. Each sporont develo]^ into sixteen sporo- 

blasts each of which forms one spore. Parasitic in Termes lucijugus, 

8. Genus PUstophora, Gurley (1923). Each sporont develops into more 

than 16 spores. Widely distributed parasites in copepods, insects 
and fish. 

Family 2. Cocco^ridsSi L4ger and Hesse (1922), emend Kudo (1924). 
Spores spherical or sub-spherical. A single genus: 

9. Genus Coccospora, L4ger and Hesse (1922), Kudo (1924). Pamsites 

of oligochetes, insects and Crustacea. 

Family 3. Mrazekidse, L^ger and Hesse (1922). Spores tubular or 
elongate cylindrical (length more than five times the diameter). 

10. Genus Mrazekia^ L4ger and Hesse (1916). Six)res straight-tubular; 

polar filament with rod-like base. Parasites of annelids, crustiicea 
and insects. 

11. Genus Octosporea Flu (1911), emend Chatton and Krempf (1911). 

Sjwres cylindrical; more or less arched; ends similar. Parasites of 
Diptera. 

12. Genus Spirospora^ L4ger and Hesse (1922), emend Kudo (1924). Spores 

tubular and spirally curved; polar capsule occupies major part of 
the spore; filament without rod-like base. One species parasitic in 
Diptera larva. 

13. Genus Toxospora^ linger and Hesse (1922), emend Kudo (1924). Spores 

very small, curved in semicircle. One species, parasitic in Diptera 
larva. 

SuB-ORDEU 2. DICNDDEA, Lkgku and IIksse (1922). 

Spores with two polar capsules, one at each end; each capsule with i)olar 
filament. One family only. 

Family 1. TelomyxidflSi L^ger and Hesse (1910). One genus. 

14. Genus Telomyxa, L^ger and Hesse (1910). Parasite of the larva of 

Ephemera vulgata. 

Genera incertce sedis, 

15. Genus Ilaplosporidiwn, Caullery and Mesnil. Oligochete parasite. 

Many sporoblasts each with four spores. 

16. Genifts Serumsporidiurn, L. Pfeiffer. Body cavity of Cypris species. 

17. Genus Lymphoeporidium^ Calkins. Cavitios of bn)ok trout. 

18. Genus Paramyxa, Chatton. Without ix)lar capsules. Marin(i annelid. 

19. Genus Hlanchardinn, Ijabb6. 

20. Genus Botellufi, Moniez. 

21. Genus Lymphocystie^ Woodcock. 

22. Genus Bertramia, Caullery and Mesnil. 

23. Genus Ctehspondium, Crawley. 

Order 3. Actinomyxida, Stolc;. 

These are Cnidosporidia about which little is known beyond the 
process of sporulation. In its fully grown condition the entire 
body may \>e interpreted as one pansporoblast which is surrounded 
by a membrane, and which usually produces eight spores, the mem- 
branes of which are usually triradiate and drawn out into elaborate 
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spines. Each spore has three polar capsules containing distinct 
protrusible filaments. 

The development processes leading to the formation of spores 
involves fertilization phenomena of a characteristic type. They are 
essentially similar to those of the Myxosporidia but differ in some 
important details. A plasmodial stage appears to l)e absent or 
represented by a binucleate amocbula only, which develops into a 
spore. The two nuclei divide and form 4 cells, 2 of which disappear 
with the formation of a membrane within which the other 2 cells 
lie. Each of these divides forming 4, 2 of which continue to divide 
rapidly until 8 are formed while the other 2 remain large and 



Fia. 192. — Sporos of Actinomyxida. A, Hexactinamyxon psammoryctia, after 
Bf SphaercLctmomyxon stoltti; C, Triactinomyxon ignotum; 7>, satne, 8p?)ro hearing 
part onlarged, after Ldger ; i^yriactinomyxon tuhifida. (After Caiillory and Mesnil.) 


undivided the two-celled membrane now containing 8 small and 
2 large cells. Ultimately the 2 large nuclei begin to divide in 
turn until 8 products result and 16 cells, regarded by Caiillery 
and Mesnil (1905) and by Ikeda (1912) as gametes, lie free in the 
cyst. The two sets of gametes differ slightly in nuclear size and 
in staining capacity and unite 2 by 2 to form 8 zygotes. The nucleus 
of each zygote now divides until 6 small nuclei and 1 large one result, 
the large one destined to form a mass of sporozoites. The 6 smdl 
ones arrange themselves in such a manner as to form 3 shell-forming 
cells, while 3 of thcan lie within and form 3 polar cap^les. The 
germ-forming cell is not enclosed by the spore-forming cells but lies 
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outside of it and peripherally in the pansporoblast. It divides 
repeatedly until 8, 32, or many sporozoites result (Fig. 192). 

The Actinomyxida are parasites of annelids and sipunculids and 
the spores are invariably triradiate. The anchor or star-form 
processes of the capsule are regarded by Doflein as supports in 
floating, evidence for which is given by Kofoid’s observation of 
these spores in plankton. 

Ikeda (1912) divides the five known genera into two groups which 
he designates Simplicia, with one genus Tetractinomyxon, Ikeda, 
and Multiplicia with the other four genera. 

1. Genus Teiraciinomyxon^ Ikeda (1912). Parasite of the sipunculid 

Petalostoma minviwm^ Kef. Pyramidal spores with two mem- 
branes ecto- and endospores. Three ectospore nuclei at the angles 
of the base of the pyramid, three polar .capsules at the apex. 

2. Genus Hexaciinomyxon Stol^ (1899). Spores with six anchor-like 

processes; parasite of the intestinal epithelium of Psammoryctea 
barhatus, 

3. Genus Triactinomyxon^ Stol^ (1899). Spore with three anchor-like 

processes parasite of intestine of Tvbifex ivbifex, 

4. frenus Syruictimmyxon^ Stolg (1899). Spores with two long and one 

short, sharp-pointed processes; parasites of the intestine of Tvbifex 
rivulorum. 

5. Genus Sphwrdctinomyxonj Caull. and Mesnil (1905). Spores spherical 

and without pointed processes, parasites in the body cavity of the 
marine oligochete CliteUis arenarius 0. F. M. 

Sub-class II. SARCOSPORIDIA. 

The Sarcosporidia are parasites of vertebrates, particularly mam- 
mals in which the ultimate seat of parasitism is the muscular tissue. 
There is but one genus— Sorcoci/5fi,y~with several species in pigs 
(8. miescheriana, Kuhn, 1865, forming '^miescher's tubules”), in 
sheep (8. temlla, Railliet, 1886), in cattle (8. blanchardiy Doflein, 
1{)01), in mice (8. muris, Blanchard, 1885), in opossums (8. darlingi, 
Brumpt^ 1913) in monkeys (8. kortei, Castellani and Chalmers, 
1909), and in man (8. limleinanniy Rivolti^, 1878). A species from 
birds was described by Stiles (1893) under the name of 8. rileyi. 

Sarcosporidia have been studied by a host of observers and an 
almost equal number of interpretations has been the result. The 
best ‘known species is 8. muris from the mouse in which, beginning 
with Th. Smith’s (1901) inoculation experiments by feeding infected 
tissues to mice, the young stages and their development are now 
known. Observations ma<le by this method of study, particularly 
by Erdmann (1910 a, b, c, and 1914), and by Crawley (1914 and 
1016) and Maruliaz (1920) permit of a tentative life history of 
8. muris as follows. 

Infectioir occurs by eating infected tissues, or as Negre (1907) 
showed, by eating contaminated feces. The germs, regarded by 
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Erdmann (1914) as spofozoites, enter the epithelial cells within ^n 
hour to an hour and a half (Crawley and Marullaz). Here, accord- 
ing to Crawley (1914 and 1916), they develop directly into gameto- 
cytes which are sexually differentiated. The microgametocytes 
become practically all nucleus the chromatin of which is distributed 
in groups of granules about the periphery; each group forms a 
single microgamete, the spermatozoids being arranged about the 
periphery very much like the microgametes of a coccidian. Thie 
macrogametocytes retain most of their cytoplasm and become 
macrogametes. The latter are fertilized by a microgamete. The 
zygotes then give rise to a large number of products (the sporoblasts 
of Erdmann) which may enter the musculature, or may possibly 
pass out with the feces (Crawley). Here there is a gap in the 
accounts of the life history but ultimately the muscles are invaded 
and asexual multiplication results in a number of sporozoites 
(Erdmann) groups of which are massed together and kept in place 
by membranes formed by the host. Upon reinfection these develop 
again to gametocytes. 

It is evident that if this account of the life cycle, the important 
sexual phases of which are supplied by Crawley, is confirmed* by 
further studies, the Sarcosporidia should not be retained in the 
Neosporidia, but as Crawley suggests, should be placed with the 
Coccidiomorpha. Until such confirmation is forthcoming the olda* 
arrangement is retained. 

m. QUESTIONABLE PROTOZOA. CHLAMTDOZOA. 

The term Chlamydozoa was applied by Prowazek (1907) to intra- 
cellular structures found in human tissues in connection with certain 
diseases, and regarded by him, as well as by many others, as Pro- 
tozoa. Others, pathologists particularly, looked u]x)n them as 
degeneration products of the diseased cells, or as artefacts due to 
technical proc-csses, and they are still more commonly referred to 
not by the generic and ^specific names which they have received, 
but by the names of the men who first studied them. Thus the 
"Guarnieri bodies” refer to the characteristic cell inclusions of 
variola and vaccinia which were named by Guarnieri (1892) Cyto- 
ryctea varwlos and Cytorydes vaccinicB; the "Negri bodies” similarly 
refer to the inclusions in nerve cells of animals suffering from 
hydrophobia and named by Williams and Lowden (1906) Neuro- 
ryctes hydmphobicB (Fig. 193). More or less similar inclusions of 
diseased cells have been described from molluscum contagiosum 
(Prowazek) trachoma (Prowazek and Halberstsedter), epitheliosis 
des(iuamativa (I.«ber and Prowazek), swine pest (Ulilenhuth), 
sprue (Castellani), bird-pox, sheep-pox, verruga peruviaUa, herpes 
(zoster, genitalis, and febrilis). The latter were regarded by 
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Lipschutz (1912) as (^ganisms having the same attributes as 
Chlamydozoa but named by him Strongyloplasmata. Other 
minute organisms which occur in the form of filterable viruses have 
been included in this group, the Rickettsia species causing Rocky 
Mountain spotted fever, trench fever and typhus fever for example 
are so. treated by da Rocha-Lima (1916), Jungmann (1919), and 
others (see p. 445). 



Fig. 19J^. — “Ncj?ri Wodies,” Neuroryctcft hydrophohiw. Different forms iissiiincd; 
arc they nudoateii cells or are the apparent cell-l)odies speeifiG sccretionH of nerve 
cells of the host about the parasites, thus justifying the term " Chi am ytlozoa” ? 
(After Negri.) • 

The inclusions are in the form of granules of homogenous nature 
and of very small size and are generally known as the “elementary 
granutes” which become invested in a mantle of substance derived 
from the nucleus of the host cell hence the name Chlamydozoa or 
“mantle-covered” animals. The granules are generally regarded 
as microorganisms but even this is questioned by many ((f. g., 
Cowdry, 1922). Others regard the entire inclusion, mantle and 
all as the organism (Negri, Councilman, Calkins, Williams, d ul.) 
evidence for which is given by Williams, 1906 (Fig. 193). Despite 
a vast literature on the subject the matter is still unsettlwl and 
many still regard the etiology of the diseases in question as unknown. 
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CHAPTER X. 


VITALITY. 

A NOKMAL active protozoon is a bit of protoplasm in which the 
vital activities are perfectly balanced, correlated and coordinated in 
response to internal and external stimuli. If the physiological bal- 
ance is disturbed by abnormal activity or inactivity in one or 
other function the result is evident in the general vitality of the 
organism. The organization, however, is not rigidly fixed and 
undergoes adaptive changes in response to the new conditions until 
activities are again coordinated. The Protozoa thus agree with all 
protoplasm in having the power of adaptation or ability of the proto- 
plasmic substances to react to unusual stimuli in such a way as to 
maintain perfect correlation and coordination under the new con- 
ditions. 

An interesting case of orderly response to unusual conditions 
was the fusion of two conjugating individuals of UroUptis rnobilu. 
Instead of separating at the end of twenty-four to twenty-six hours 
as in ordinary conjugation, these two individuals remained attached 
for six days during which time the usual reorganization processes 
occurred in each. On the seventh day they fused along the entire 
ventral side, forming a bilaterally symmetrical individual with 
two oppositely placed mouths and peristomes, two contractile vac- 
uoles and.two independent sets of macro- and micronuclei (Fig. 194). 
On the eighth day this remarkable creature divided three times 
giving eight double individuals all similar to the original bilaterally 
symmetrical one from which they came. They continued to divide 
at the rate of approximately one divisioniper day on the average 
for a period of four hundred and five days and through three hundred 
and sixty-seven divisions. The interesting fact here is the corre- 
lation of two distinct sets of structures and functions so as to act 
harmoniously and synchronously as one individual, and the setting 
up of an entirely new organization. Had the two individuals sepa- 
rated as in normal conjugation their metabolic processes would not 
have been synchronous, the periods of division would have been 
more or less similar but not identical. In the double individuals 
the two sets of eight macronuclei behaved differently in different 
individuals. In one case each set would fuse prior to division to 
form a single ellipsoidal macronucleus (Fig. 195) behaving thus 
like two normal individuals when ready to divide (p. 222). In the 
30 
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other case the sixteen macronuclei would all fuse to forih one single 
macronucleus which would divide and form two groups of eight each 
(Fig. 196). In the latter case there was not only a definite adapts- 



Fig. 194.— ■ IJroleptus mohilis; orifcin of double individual. Above, two conju- 
gating cells; below, the double individual which was formed by the fusion of two such 
conjugating individuals. (Original.) 

tion to the new conditions but a further advance toward a com- 
posite animal of a new type and with a novel organization. The 
synchronous activities indicate that common responses to common 
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stimuli were operating and that a perfect equilibrium was established 
throughout. 

Vitality, as the sum total of all the protoplasmic activities set 
up in response to internal and external stimuli is variable. Varia- 
tions due to external conditions may be readily seen in the effects 
of heat and cold. Increased temperature increases oxidation leading 



FiG.f 195.— mofnlis. Division of doultlc individual; type with two divis- 
ion nuclei. A, stages in the fusion of the two sets of iiiammuclei independently; 
Bt two division nuclei and two new peristomes; C\ division of the cell each half with 
two sets of nuclei. (After Calkins.) 


to more rapid movements including food-taking activities, more 
active digestion, assimilation, growth and reproduction. It in- 
volves more waste and more active pulsation of the contractile 
vacuole. Conversely decreased temperature slows up the entire 
series of activities and vitality is reduced. In like manner any 
condition of the environment which tends to quicken, to weaken. 
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or to nullify any one link in the chain of vital activities will have its 
effect on the general vitality. 

^ It is not improbable that internal reorganization, or disorganiza- 
tion, with increase or decrease of activity in all or in some part of 
the protoplasmic make-up may bring about similar variations in 
vitality. Thus changes in organization may be effected by amphi- 
mixis or by long-continued metabolic functioning with correspond- 



Fig. 19(1. — Uroleplus mobilga. DiviRion of double individual; type with one divis- 
ion nucleus. D, the single nucleus formed by fusion of the two independent sets of 
macronuclei; J5, first division of the single nucleus; F, reconstniction after division 
with a new typo of niacronuclous formed from the single division nucleus. (After 
Calkins.) 


ing effects upon the general vitality. The chemical and physical 
make-up of the protoplasm of an individual may change with con- 
tinued metabolic activities and lead to a change from what is termed 
a labile amdition when actions, reactions, and interactions are per- 
fectly balanced and at a maximum of activity, to a more stabile 
coi^ition when the% activities become increasingly unbalanced or 
cea^ altogether. 
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1. ISOLATION CULTURES. 

The study of protozoon protoplasm by the isolation culture 
methods has thrown considerable light on these problems of general 
vitality. If a bit of such protoplasm in the form of a single indi- 
vidual organism, and its progeny by division, is maintained under 
conditions of food and temperature as constant and uniform as 
possible, then variations in vitality may be measured and compared 
in relation to phenomena in the life cycle which are suspected of 
playing a role in connection with the lability of that protoplasm. 

In order to study protoplasm in this manner it is necessary to 
adopt some measure of vitality which will be an expression of the 
sum-total of all vital activities. Since every function is a link in 
the chain of vital activities any one functkm would do were it 
possible to iheasure it accurately, but the difficulty comes with the 
inability to measure excretion, or nutrition or irritability in any 
complete and definite manner. Reproduction, however, can be 
readily measured and being dependent upon the general functions 
of metabolism, becomes an excellent measure of vitality in a relative 
and comparative sense. In one way or another the division-rate 
has been used as a measure of vitality ever since Maupas in 1<S(S8 
first attacked the jiroblem of age and natural death in Protozoa by 
the isolation culture method. 

In practically any free-living form of Protozoa if proper condi- 
tions of food and teiniierature are provided, the general vitality or 
sum-total of functional activities as measured by the division-rate, 
continues more or less uniformly for long periods. The single 
individuals thus watched appear to be self-sufficient and able to 
continue their vital activities indefinitely. The question may be 
raised as it has been raised repeatedly, does the protoplasm of such 
an individual retain this constant potential of vitality indefinitely, 
or like a machine, does it wekr out sooner or later, and will it ulti- 
mately stop altogether? , 

The problem thus worded is only a partial restatement of the 
old problem concerning life and death of unicellular organisms which 
Weismann raised more than forty years ago. He took the ground 
that Protozoa do not grow old and do not die a natural death, both 
of which are prevented by an individual dividing into two while in 
full vigor. The two young ones thus formed by division lep,ve no 
parental corpse but share the old protoplasm between them and 
they in turn grow and similarly divide, so that old age is impossible 
and natural death inconceivable. Weismann further maintained 
that these fateful phenomena— age and death— are penalties which 
the Metazoa must pay for their privilege of specialization and differ- 
entiation into somatic and germinal protoplasm. Protozoa he 
compared with the germinal protoplasm of Metazoa in common 
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with which they have the potential of an indefinitely continued 
existence. 

The experiments of Maupas (1888) to determine by isolation cul- 
ture experiments whether Infusoria do actually grow old were not 
convincing. He found, indeed, that a bit of protoplasm in the form 
of a single infusorian cell if isolated in a suitable culture medium 
would live, grow and divide. One individual cell formed by such 
division if similarly isolated, would repeat the process, and from 
its progeny another representative bit of protoplasm would con- 
tinue the race. Maupas found that, ultimately, such protoplasm 



Fio. —Stylonychia puH^jiilaia, senile degeneration. B, C, degenerated individuals 
without micronuclei. (After Maupas.) 

would lose its vitality and the race would die after morphological 
and physiological evidences of degeneration (Fig. 197). In this 
manner he followed the history of Stylonychia pvMulata through 316 
generations by division when the race died. Another species, 
Stylonychia mytilus, died out after 319 generations; Leucophrys 
patida after approximately 660 generations, etc. The single indi- 
vidual was isolated in culture medium under a cover glass and kept 
in a moist chamber. Here it divided repeatedly during a period 
of from two to six days until many individuals were present (in one 
case 935) all descendants of the original one. One of these was 
then isolated and the process repeated. From these experiments 
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he concluded that Infusoria die a natural death after a typical life 
cycle and after a definite number of generations by division. 

The criticism was soon advanced that adverse conditions and 
bacterial products were responsible for death of his organisms, or, 
that instead of dying from old age they were slowly killed'. There 
certainly was some justification for this criticism for not only was 
the covered medium abnormal but the accumulation of bacterial 
and protozoan products of metabolism might well have been detri- 
mental, particularly if certain types of bacteria gained supremacy. 
Woodruff (1911) furthermore, has shown that excretion products 
of Paramecium are detrimental to Paramecium, and Styhnychia 
products to Stylonychia, and the implication is that any type, if 
continued for long intervals in an unchanged medium will slowly 
w^ken in vitality and ultimately die. 

Such criticisms, continued even to the pre^nt time in connection 
with isolation culture work, do not mi nimize the value of the 
splendid contribution of Maupas in these pioneer studies on vitality. 
The present day scepticism in regard to his general conclusion is 
based upon diverse results obtained by various experimenters with 
mass cultures as compared with isolation cultures, the great majority 
of the latter giving results which confirm Maupas. In these the 
criticism that an unfit environment gradually killed the organisms 
has been met by the use of carefully prepared culture media and by 
daily transfers of the experimental organisms to freshly prepared 
media. In this manner the undue accumulation of bacteria and 
their products is prevented while the organisms under observation 
are never present in large numbers. 

By use of tliis method of study the life cycles of many different 
kinds of ciliates have been «stablishe<l and with the exception of 
the results obtained by Enriques (1915, 1913, 1916), Chatton 
(192.3) and of Woodruff (1908-1921), they all agree in demonstrating 
a gradually waning vitality and ultimate death of the protoplasm 
under observation. The methml now generally employed is to start 
with an ex-con jugant, or individual wliichihas just emerged from' 
conjugation and allow it to reproduce by division three times. Four 
(W<M)druff) or five (Calkins) of the eight resulting individuals are 
then isolated and continued in daily isolation cultures as “pure 
lines,” four or five pure lines to a “.series.” For vitality comparisons 
the daily division rates of all lines of a series are averaged for periods 
of five days (Woodruff) or ten days (Calkins), and when4he cycle 
is -completed the consecutive five or ten day division rates may be 
plotted to give a graph in which the ordinates represent the average 
rates of division, the abscissas the consecutive periods. By this 
method the history of the vitality of the protoplasm under obser- 
vation is summarized in a graphic and effective manner (Figs. 198, 
199, 200). 
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The above method was first used in connection with the life 
history of Paramecium caudatum (Calkins, 1904), and many other 
experiments of similar nature were made on this genus by later 
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Fio. 198.— Composite graph of vitality of twenty-three series of Urolepim mohilia, 
each having vitality of more than 85 per cent (solid line). The dotted line is the 
vitality graph of the double organism. (After CJalkins.) 


observers. It turned out to be an unfavorable objc<rt for the study 
of this particular problem of vitality, for in 1914 Woodruff and 
Erdmann announced the discovery of a periodic reorganization 
process in Paramecitim aurelia which is exactly comparable with 
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Fia. 199.— Vitality graph of Pleurotricha lanceolata. (After Baitsell.) 


one type of parthenogenesis occurring in Metazoa (p. 540). The 
discovery of this reorganization process which they called “endo- 
mixis” was the culmination of Woodruff’s brilliant and long-contin- 
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ued study of the life history of Paramecium aurelia which he began 
in 1907, and which had been generally hailed as giving positive proof 
of the correctness of Weismann’s point of view. Parthenogenesis, 
however, has the same effect upon organization and upon vitality 
that conjugation has, and as Woodruff and Erdmann showed that 
“endomixis” occurs approximately once in thirty days in Para- 
mecium aurelia and about once in sixty days in Paramecium cau- 
datum, any experiments and observations on vitality are valuable 
only as they lie within these limits of time. For this reason many 
of the conclusions of Hertwig (1889), of Joukowsky (1898), of 
Calkins (1903, 1904, 1913) and of Jennings (1909, 1913) drawn from 
observations on Paramecium are of questionable value, and should 
be used cautiously in connection with the present problem. In 
other forms however, analogous reorganiza.tion processes occur 



Fia. 200.— Vitality graph of Spathidium spathula, (After Woodruff.) 


during encystment and are thus advertize«l in cultures whereas 
Paramecium does not encyst at all but continues under conditions 
of low vitality to live and move during such periials of depression 
when “endomixis” is taking place. 

While the list of recent experimenters with the Infusoria is rather 
a long one the actual number of different organisms studied is 
comparatively small, but different experimenters working with the 
same species obtained strikingly similar results. Thus Pleilrotrwha 
lanCeolata has been studied by Joukowsky (1898) and by Woodruff 
(1906), the former following out four series, three of which died out 
after approximately 220, 250 and 442 generations without amjuga- 
tion while a 4>urth was abandoned after 458 generations. Woodruff, 
using the daily isolation method, found a gradually waning vitality 
with ultimate death. Baitsell (1914) also carried out isolation 
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cultures with this orjjanism obtaining a vitality curve similar to 
that found by Woodruff (see, however, below). Oxytricha faUax 
has been similarly stmlied by Enriques (1905), by Woodruff (1906) 
and by Baitsell (1914). The first gives no detailed account of his 
cultures but makes the general statement that this and other 
organisms cultivated by him are capable of multiplying asexually 
ad infinitum. Woodruff, however, finds a definite curve of vitality 
similar to that of Pleurotricha with a waning vitality and ultimate 
death after 860 generations by division, and Baitsell followed the 
history of three cultures all showing the typical life history, one 
dying out in the 131st generation, a second in the 159th, a third 
in the 150th, while a foxuth culture in test tubes lived for a longer 
period but it also finally died, none of these cultures approaching 
the long history of Woodruff’s strain. Stylonychia pustulata also 
has been cultivated by Enriques (1905) and by Baitsell (1912), 
the former giving no statistical data but maintaining that division 
can go on indefinitely without degeneration or conjugation if the 
conditions are right. The latter follows out the history in isolation 
cultures and finds a typical curve of vitality (Fig. 198) with waning 
vitality ending in death,, in the longest line after 572 genertftions. 
In other organisms Woodruff (1905) found waning ‘vitality and 
death in Gastrostyla ateinii after 288 generations, and Gregory 
(1909) a similar result with TiUina magna after 548 generations and 
Calkins (1912) a similar result with Bkpharisma undulans after 
224 generations. 

In all of the cases cited above the organisms under investigation 
are bacteria feeders, and despite the daily change of medium and 
care in maintaining the isolation cultures the old criticism of bac- 
terial poisoning or deleterious effebts of the medium has been 
repeatedly advanced. Woodruff, however, has kept Paramecium 
aurelia continuously living for seventeen years on the same bac- 
teria diet, “endomixis” occurring at stated intervals and the same 
observer using the same methods has followed othe^ 'organisms 
through periods of walling vitality and death. Metalnikov (1919) 
similarly has continuously cultivated Paramecium caudatum without 
conjugation. It seems highly probable, therefore, that the preven- 
tion of death has little to do with the environment in these experi- 
ments but lies in the organisms themselves— with Paramecium in 
the phenomenon of “endomixis.” 

More direct evidence that bacteria contamination is not respon- 
sible for the ultimate death .in isolation cultures is afforded by 
similar experiments with carnivorous ciliates. With these it is 
possible to use bacteria-free culture media in which the food organ- 
isms are introduced with the experimental individual. Again in 
the majority of cases the ultimate result has been the'ktme as with 
bacteria eaters. Thus AcHnobolua radiana was followed through 
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448 generations in isolation cultures in sterile spring water with 
Ilalteria grandmeUa as food (Calkins, 1912) and Spaihidiumspathula 
through 218 generations with Colpidium colpoda as food (Moody, 
1912) the organisms finally dying in both cases. 

Further and very complete evidence that environmental condi- 
tions are not responsible for waning vitality and death is afforded 
by a long-continued study of the protoplasm of Uroleptvs mobUis 
an hypotrichous ciliate (Calkins, 1918, 1919, 1920, etc.). This rare 
organism found and isolated in 1917 is a bacteria eater and was 
cultivated on a medium consisting of flour and timothy hay 
boiled in spring water and allowed to stand for twenty-four hours 
before using. Individuals were transferred daily to such fresh 
medium in order to avoid an excess of bacteria. For each series of 
five lines the division rates were figured in ten-day unit periods 
which were then averaged for sixty-day periods at ten-day inter- 
vals. The vitality history of twenty-three series averaged for sixty- 
day periods, and the history of the double Urohptvs are shown in 
Fig. 198. The average division-rate here for the first sixty days 
was,15.4 divisions per ten days from which it descended regularly 
in successive sixty-day periods at ten-day intervals until death. A 
single series by itself would be no evidence that slow killing had not 
occurred. But w'hen two of the progeny of a series are allowed to 
conjugate wdth one another .at any time after the first 75 genera- 
tions, the ex-con jugants repeat the history of the parent series but 
do not die when the parent series dies. In this manner the proto- 
plasm of the original Uroleptvs which was isolated November 17, 
1917 is still under observation (June, 1925) although any single 
series lives from ten months to a year only. The life of the progeny 
overlaps that of the parent; its progeny overlaps it, etc.; the daily 
treatment of parents and offspring is identical throughout; both are 
subject to the same deleterious conditions if present but parents die 
and offspring live, a history which has been repeated more than 120 
times with as many series during the last seven years. 

From these clear-cut experimental resulfe with Uroleptvs mobilis 
the fact is obvious that under these experimental conditions a fairly 
uniform life cycle is the rule. The 120 wmpleted life cycles upon 
which this conclusion is based arc all characterized by the same 
sequence of phenomena, vir,.: (1) A high initial vitality of the 
ex-conjugant lasting for a limited period; (2) gradually waning 
vitality ending in complete exhaustion and death; (3) a l^eriod of 
sexual “immaturity” lasting from the first thirty to ninety days 
during which encystment may occur if appropriate external condi- 
tions are provided but' conjugation does not occur; (4) a period of 
maturity beginning after the first thirty to ninety days approxi-. 
mately and lasting until the ultimate depression when conjugation, 
under appropriate external conditions does occur; and (5) a period of 
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old age indicated by morphological degeneration with accumulating 
physiological depression which ends in death. 

The many different series studied furnish ample opportunity for 
the comparison of vitality in different series. In some there is a 
greater intensity of vitality, i. e., the average division-rate is higher 
throughout the cycle; in others the endurance factor is greater, 
i. e., the individuals live for longer inter-divisional periods without 
division and the cycle is correspondinglv lengthened (see Chapter 
XII). 

On the basis of such consistent experimental results one is tempted 
to generalize and to hold that all Protozoa pass through a similar 
life history. The temptation is increased by the confirmation of 
the main results in connection with an entirely different ciliate, 
Spathiditim spathula, in the hands of a no-less competent observer 
than Woodruff (Woodruff and Spencer, 1924). Sjjathidiim is 
carnivorous and feeds normally on Colpidivm calpada. Woodruff 
and Spencer’s isolation cultures w^ere carried on in a basic medium 
of standardized beef extract to which a few individuals of Culpidinm 
were added. The individuals were transferred daily to fresh medunn 
and new food. Many complete series were followed from ex-con- 
jugants, four lines to a series until the proto])Iasm died a natural 
death. A typical example is illustrated in Fig. 200, representing 
the division-rate averaged for five-day periods (solid line) and one 
offspring series. ‘The data presented show that in the great 
majority of cases the cultures died out sooner or later after a some- 
what gradual decline in the division-rate” (loc. cit. p. 178). Seventy- 
nine series ran synchronously with their parent series for at least 
fifteen days; some of these were theij discarded but enough were 
followed through to afford a justifiable basis for conclusions. Here 
then we have again a large number of series carried on in isolation 
(fultures, all derived from the same ancestral single ex-con jugant, 
and dying out “after a somewhat gradual decline in divisi(jn-rate.” 

Woodruff, however (loc. cit.), does not grant that the decrease 
in vitality is due to any intrinsic ageing tendency in the protoplasm 
but believes that both in Vroleptiis and in tipathidivm the proper 
milieu for continued life has not been provided in the culture methods 
used, and implies that when a series dies in the absence of conjuga- 
tion or of endomixis, it is ipso facto evidence of a faulty environment. 
The matter is important for, if Woodruff’s conclusion is correct it 
brings us to an impasse in the subject under discussion. He 
supports his argument with the citation of cases on record in which 
there is no eviclent diminution in the division-rate under the condi- 
tions of culture, and in such cases he believes that natural environ- 
mental conditions have been supplied. He obtained *somc cases 
of greater longevity in a . few series of Spathidimn, and although the 
methods and the culture medium supplied did not differ in any way 
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from those used for the series that showed decline and death, he 
concludes that soinehow% the conditions were more suitable, and 
that when suitable the ciliate has the ability or potential for an 
indefinitely continued existence without the necessity of conjugation 
(fertilization) or of an equivalent process. 

Chatton (1921) shares this scepticism: “One may even conclude” 
he says, “that the more the facts accoimulate, especially those of 
an experimental nature, the more nebulous does this conception 
of a life cycle (in ciliates) become” (loc. cit. p. 12S). The “facts” 
thus mentioned include the exceptional results with experimental 
culture methods by Woodruff as above, by Baitsell, Dawson, 
Enriques, Mast and others, these being the most prominent, in 
connection with the Infusoria. As stated above Baitsell (1914) 
using Oxytricha fallax and Plemotrwha lancaolata in isolation cul- 
tures, obtained results exactly similar to those obtained with 
IJwhpUis. For each series the cycle began with high initial vitality 
which slowly decreased with age until death resulted (Fig. 199). 
Other series, however, were cultivated in test-tubes and in some 
casei^ these continued to live longer than did the individuals of the 
isolation series. At the time of writing his paper one of these cul- 
tures was still alive (Pkurotricha lanveolata) six months after the 
isolation cultures had died. Other mass culturc?s, altJiough out- 
living the isolation cultures died {Oxytricha fallax). Vnmi these 
results which are not altogether convincing nor consistent, Baitsell 
concluded that these animals can be bred indefinitely without 
conjugation or artificial stimulation. The death of all individuals 
in other mass (‘ultures was attributed to the “cumulative efft'cts 
of an environment not entirely adapted to the organism.” Here 
again we meet with the i<lea that if a race dies as it does in the great 
majority of cases, it is evidence that external conditions are unsuit- 
able. The one race of BaitselFs that continued to live in t(‘st-tul)e 
mass cultures is obviously an exceptional case and recjuires (‘X])lana- 
tion. In such mass cultures many things may liappen which do not 
happen in isolation cultures and are easily overlooked. The 
endurance factor of vitality may prei)ondcrate over tin? intensity 
factor (in some cases of Urole])tv.s mobilu single individuals lived 
without division for ninety clays). Conjugations may occ.'ur and 
be overlook(»d where hundreds of individuals are examined in a 
tcist-tubc, even though such examinations may be made di^ily and 
thoroughly. One single ex-conjugant would be sufficient to upset 
the* conclusions drawn from this exi)eriment. 

In a similar manner Dawson (1919) found that an amicronucleate 
race of Oxytricha hyvienastaina presents a typical cyclical curve 
of vitality aiyl death follows a gradually decreasing vitality, if the 
organisms are cmltivatol in isolation cultures. If maintaint»d in 
mass crultures they were found to live for a considerable period 
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longer than the isolated forms, and Dawson concludes that if a 
suitable medium is provided an indefinite life is possible without 
conjugation, endomixis or encystment. It is conceivable that 
environmental media may induce (diff^nt protoplasmic reactions 
at different periods of the life cycle, as shown by Gregory’s (1925) 
experiments with Uroleptua, and that proper salts in the medium 
at appropriate periods would enable the protoplasm to maintain 
its youthful labile condition. Individuals might thus be “doctored” 
at intervals with a resulting repression of cumulative differentiations 
and a corresponding maintenance of youth. This was the under- 
lying principle of Woodruff’s cultivation of Paramecium aurelia on a 
variable diet, the medium being changed at intervals but in this 
case without difference in his results. In this connection it is 
possible that old protoplasm mi^ht be reorganized by increasing 
the permeability and with proper interaction between protoplasm 
and medium, restored to its original labile condition. 

Enriques (1903, 1905, 1916) using Stylonychia, Oxytricha and 
Glaucoma found that continued reproduction of these cUiates is 
possible so long as one cares to follow it provided the “technic 
is good and bacteria are not too numerous.” The physiological 
deterioration in isolation cultures he attributes to harmful products 
of bacteria of the medium and mmntains, although proof is not 
given, that neither parthenogenesis nor conjugation is necessary for 
continued life. His best evidence was obtained with Glaucoma 
pyriformis (1916) which he cultivated for eight months. During 
this period 2700 generations were recorded, frequently as many as 
13 per day and at no time did the organism divide less than 9 times 
per day (!). It is quite possible |8 Jennings points out (1920) 
that endomixis might have occurred without evidence of depression 
and in the absence of cytological study, was overlooked; or it is 
also possible that his eight months of observation with the high 
vitality evidently possessed by this organism, covered only a small 
part of the entire life l^jistory. * 

With Bidirdum nasuUim divergent results have been obtained 
by Calkins (1913) and Mast (1917). The former found that the' 
division-rate descends from an optimum immediately after encyst- 
ment to a low minimum just prior to the next encystment and that 
a fairly uniform number of generations intervenes between encyst- 
ment periods. The latter gives no data from which the division- 
rate can be computed but finds a much longer interval between 
certain encystment periods (conjugation may have occurred), 
while other intervals agree with those, found by Calkins. No 
evidence was adduced by Mast to indicate cyclical changes in the 
division-rate but indications of reduced vitality wer«;,evident from 
the statement that “the stock became very weak toward the close— 
and it is liot known how much longer it would have survived.’’ 
(loc. cit. p. 353). 
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In bther groups than the ciliates, exceptions to the type of life 
history shown by Urokptua are true of the few cases Imown. In 
the animal flagellates for example there is no case of indubitable 
proof of fertilization in the entire group. On the other hand there 
have been no successful attempts to cultivate such flagellates by 
the isolation (^ture method so that we are entirely uninformed 
as to the relative vitality in a life cycle. It is possible that processes 
analogous to endomixis in ciliates take place during encystment 
stages but as to this we are also ignorant. With these exceptional 
cases therefore we must wait for further information. With plant 
flagellates, except for the Phytomonadida, the situation is the same; 
no complete life cyde has yet appeared and phenomena of encyst- 
ment have not been studied in detail. In Phytomonadida fertiliza- 
tion processes, often accompanied by sexual differentiation are 
universal, and some excellent work by Hartmann (1921) with 
isolation cultures has been carried out. Eudorina elegant was 
followed for upward of five years on artificial culture media and 
under constant artificial light for part of the time. Evdorina is a 
colonial form of 32 cells embedded in jelly and upon reproduction 
each of the 32 cells forms a similar 32-cell colony. Each period of * 
reproduction therefore represents 5 divisions of a cell, and in one 
culture 1500 such cell generations were obtained. Knop’s solution, 
made with distilled water was constantly used and the cultures 
were maintained free from foreign organisms. Some of Hartmann’s 
earlier series showed evident depression, decline of vitality and 
death but this result was attributed to faulty conditions. 

Hartmann’s records are based upon the length of the inter- 
divisional period instead of up<)n the number of divisions per unit 
period of time as in pure line work with ciliates. Thus the average 
interval between generations for the first 10 generations was seven 
and eighth-tenth days, for the fifth set of 10 generations the interval 
increased t|p an average of seventeen and nine-tenth days, etc. 
His results show clearly the effect of pei/ected environmental 
conditions (last 90 generations) and give no indication of periods 
of depression or of waning vitality. So far as this one series is 
decisive therefore, there is justification for Hartmann’s conclusion 
that in Eudorina division apparently may continue indefinitely 
in the absence of conjugation or fertilization and without waning 
vitality. • 

Exceptional cases are increased through BilaPs observations on 
Actinophrya ad a heliozoon (1924). A single line of his main 
culture was followed through 1244 generations by division during 
two years and eight months. Fertilizations were obtained from 
time to time 4 n mass cultures but these were prevented in the 
isolation cultures, the latter showing no indication of reduced 
vitality with continued life (Fig. 201). BSlaf also concludes that. 
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given proper conditions the protoplasm of Actinophrya has the 
possibility of indefinitely continued life and reproduction by division. 

In these exceptional cases we meet indeed with diverse experi- 
mental results and diverse conclusions. Granted that the experi- 
mental work in all cases is done with an equally conscientious 
regard for controls and pitfalls of all kinds, it is necessary to accept 
the conclusions on their merits and endeavor to find an explanation 
which will bring them all into harmony. The first difficulty comes 
in connection with the popular conception of an abnormal condition 
of the environment. Except with parasites it is obviously impos- 
sible to study the life history of an organism under normal environ- 
mental conditions in Nature— in all probability there is no constant 
“natural” envin)nment. To Enriques, Baitsell, Dawson, BSlaf, 
Chatton, Jollos, and Woodruff in part, the culture methods employed 
for ciliates arc “abnormal” and death is a result of these conditions. 
With Uroleptua mobilia in mind it is difficult to understand by 
what process of reasoning the conditions of the environment are 
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Fio. 201. — Vitality graph of Actinophrya aol. (After Belar.) 


res{H)nsible for the decline of vitality and death when two indi- 
viduals from such cultural material are restored to full vitality 
and in the same m^Mliuin upon conjugation. The conditions are 
identical for parent protoplasm and offspring protoplasm and yet 
the former dies, the latter lives until a corresponding age, and dies 
in turn. The more than one hundred and twenty series that have 
followed one another since 1917 in the same medium and under the 
same conditions in the same rhythmical cycles and with surprising 
uniformity furnish strong evidence that the environmental condi- 
tions have been suitable or “normal.” For each series there has 
l)een the same' sequence of physiological conditions— high vitality 
and sexual immaturity, encystment power, sexual maturity, decline 
in vigor and ultimate death. If these phases of vitality are normal, 
if encystment and reorganization, and conjugation, are normal 
phenomena in the life history of a ciliate then the conditions under 
which they occur must likewise lie normal. A hypercritical mind 
may deny the existence of conjugation in Nature and maintain that 
conjugation owurs only under the abnormal conditions intro- 
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duced when the samples are collected and transferred to small 
holders in the laboratory. With such an individual convincing 
proof is apparently impossible and we can only ignore the implica- 
tion that conjugation is a phenomenon which did not occur under 
‘‘normar’ conditions in Nature but manifested, itself only when 
man began to collect material. I have no sympathy with such a 
point of view; I regard conjugation as an entirely “normal*' process 
in ciliates as gamete formation and fertilization are “normal** 
processes in Sporozoa and Sarcodina. When the conditions of the 
environment are such that this phenomenon does not occur, then 
we may justly look for the unusual at least. The limits of adapta- 
tion of protoplasm are unknown to us; it is quite conceivable that 
conditions may be so arranged that for long periods the normal 
sequence of phenomena in a life cycle are in abeyance and the 
impression is gained that protoplasm under such conditions has 
the possibility of indefinitely continued existence. But can this be 
considered a normal environment? Here the conditions which 
lead to conjugation are not offered and such conditions, if any, 
might* reasonably be regarded as abnormal; if conjugation is needed 
the need is met by the artificial conditions and the organism is inor^ 
or less adapted to them. No one can maintain consistently that 
(’’arrel’s long-continued tissue cultures are normal, yet here we have 
artificial conditions under whi(?h these vertebrate tissue cells 
continue, apparently indefinitely, to live and divide. Death of 
cells occurs when the transfers are not made at appropriate inter- 
vals, but they have become adapter! to the artificial conditions of 
cultivation and continue to live and divide so long as these condi- 
tions are maintained. , 

The question of “normal** or “abnormal** environment after all, 
appears to me to be of an academic nature, and I ca,nnot agree with 
Woo<lrufT and his followers in their belief that natural death is 
not inherent in ciliates under natural, or as he calls it, “norrnar* 
conditions. Nor can I accept his further coiu'lusion that the life 
(jycle of a ciliate is a “myth.** It is quite evident that the cycle 
may be greatly varied by reason of external conditions and it is 
plainly obvious that it has no definite or fixed limits such as postu- 
lated by Maupas. If fertilization is an almost universal phenomenon 
we should be able to determine the conditions which bring it afmut 
both within the protoplasm and in the environment. If fertiliza- 
tion satisfies a protoplasmic need we should be able to find out what 
that need is. When that explanation is forthcoming we shall 
probably be able to understand why the animal flagellates continue 
to live so successfully without it. 

In regard 4o the life cycle of Protozoa we are apparently all 
agreed on some cases. Since the classical work of Scrhaurlinn 
(1900) on Eimeria {Coccidinm) schvbergi no one doubts the general 
31 
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facts of the life cycle in Sporozoa; his work has been confirmed by 
scores of investigators and upon an enormous number of representa- 
tive species. A sequence of vital phenomena intervening from 
fertilization to ultimate gflmete formation and fertilization is 
characteristic of all such cycles and in ail cases the race comes to 
an end with the formation of gametes, and without fertilization the 
gametes die. Similar cycles are characteristic of T'ordminifera 
and wherever gametes are formed the ultimate fate is the same. 
With ciliates except in rare instances, gametes are not formed but 
the organization of the protoplasm undergoes changes at maturity 
when fertilization processes (conjugation) occur, and in the great 
majority of pedigreed cultures, the race, like gametes, comes to an 
end by natural death (see p. 562). The life cycle in all Protozoa 
signifies the series of events between fertilization and fertilization 
again or natural death. It involves characteristic changes in 
organization of the protoplasm and equally characteristic manifesta- 
tions of vitality. In the following section an attempt is made to 
correlate these characteristic phenomena in the life cycle with pro- 
gressive changes in the organization of the protoplasm. • 

n. ORGANIZATION AND DIFFERENTIATION. 

It is evident to any one who has made a study of Protozoa that 
forms and structures are practically imlimit^. It is equally 
evident that these characteristics are specific for each species. 
Regeneration experiments show, furthermore, that these specific 
characteristics are carried in all parts of the protoplasm of an indi- 
vidual, a small part of a Stentor becomes a perfect Stentor, a small 
part of a Uroleptus develops into a fully differentiated Uroleptus, 
etc. The structure of the adult by which we recognize the species 
in any particular case is the product of the finer make-up of the 
protoplasm as it exists in a cyst for example or in a ropnded-out 
fragment cut from the Ijody of an adult. What this finer make-up is 
is purely conjectural but the idea is carried by the non-committal 
term “organization” as used in the preceding chapters. In this 
term we include both the adult structures of the fully formed indi- 
vidual and the undifferentiated protoplasm which has the ability 
to produce them. There is reason to believe that the differentia- 
tions which characterize the adult are brought about as a result of 
metabolic activities constituting vitality, and these may be induced 
by changes in environmental conditions as when an organism 
emerges from a cyst, or regenerates at division periods (p. 484); or 
they may require a longer period of metabolism and be combined 
with growth; or ^ey may appear only as a result cf cumulative 
differences representing a gradual change in organization. In 
general the facts at hand warrant the statement that differentiations 
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always involve changes in organization and for purposes of descrip- 
tion it is convenient to describe them as : (1) Inter-divisional or 
Ontogenetic Differentiations; (2) Cyclical Differentiations. 

1. Inter-divisioiial Diffei6ntiatioos.^In the development of a 
Metazoon differentiated structures are never present in the initial 
egg cell but appear in orderly sequence as a result of metabolism, 
growth and division of cells. A protozoon about to emerge from 
its cyst is comparable with such an egg cell. The cyst wall becomes 
permeable, water and oxygen are admitted and metabolism begins. 
Soon the characteristic motile organs make their appearance differ- 
entiated from the apparently homogeneous protoplasm. The oral 
apparatus, anal aperture, and contractile vacuole appear and the 
organism emerges apparently complete, from its cyst. This is a 
rapid differentiation accompanying the onset of metabolism. 

Analogous processes of differentiation accompany the regenera- 
tions associated with division of the cell. In ciliates a new oral 
apparatus and specialized motile organs are formed at appropriate 
l3ositions by the dividing organism (see Chapter V), and differ- 
entiation is rapid and complete. The organization under which this 
differentiation occurs is evidently a result of metabolic activities 
prior to division (sec below). 

Differentiations accompanying growth of the cell are characteristic 
of Protozoa which reprodupe by unequal or by multiple division. 
Here the protoplasm is parcelled out amongst many offspring and 
each bit of protoplasm, like an encysted cell or a cut-out fragment, 
possesses the fundamental organization characteristic of the species, 
but undifferentiated. Thus a bud of Acanthocystis or of Noctilvca 
has none of the adult charqpters but develops them gradually 
during a period of some days. Or the sporozoite of a polycystid 
gregarine slowly acquires, with growth, the particular epimerite, 
protomerite, and deutomerite of its species (Fig. 122). Differ- 
entiation ,occurs here but more slowly than in the ca.se of a 
ciliate, and is apparently more directly asscwiated with metabolism. 
Arrested stage.s in development are not uncommon and frequently 
lead to puzzling complications in the life cycle. TryjMmmoma 
lewisi for example, passes through stages resembling LepUmnnuu 
and Crithidia (Fig. 118) or LeishmaniadonovanUbrauy^ a flagellated 
Leptonumcut stage to an adult quiescent intracellular phase. Similarly 
the young ciliated bud of a Suctorian which may be either ] 2 ara.sitic 
or free-living, gradually loses its cilia develops tentacles and a 
stalk before it Incomes the adult form of the .specific description. 
Again, the young stages of.a Blaatodimnm are typically dinoflagellate 
in character but the embryos develop into the peculiar parenchy- 
matous sac-ltke adult quite unlike the u.sual ditioflagellate. 

Ontogenetic differentiations combined with growth and cell divi- 
sion are evident in several of the colonial aggregates, particularly in 
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colonies with definite form and a definite number of cells (Gonium, 
Eudorina, Platydornia, etc.). Here phenomena are manifested 
which may well be compared with cleavage and differentiation of 
the metazoon egg, the resultant cells taking an invariable position 
in the aggregate. A colony of Gonivm peetorale for example com- 
posed of If) similar cells, upon reproduction produces Ifi colonies. 
Each of the original cells undergoes a fairly regular cleavage, the 
cells adhering until a comparatively late stage and finally forming 
the flattened plate of cells characteristic of the species. The 
colony Platydorina is even more remarkable in the axial relations 
of the 32 cells composing it (Fig. 3 A, p. 21). In Pleodorina 
(Endorina) the cells are differentiated into somatic and germinal, 
and in Volvox the somatic cells form a tissue while the germinal 
cells are enclosed in the inner jelly, and in the same genus, finally, 
some colonies form only male gametes and others only female. 

The changes in form and structure with growth are to be traced 
to changes in the protoplasmic organization which in turn are 
doubtless due to metabolic activities and there is evidence that 
analogous changes are responsible for the differentiations ^hich 
accompany regeneration in the more actively developing ciliates. 
Tn this connection the merotomy experiments of (^alkins (1911) 
and Young (1922) are suggestive. In ( 'hapter V it is shown that 
anticipatory changes in the cell precede the nuclear changes. This 
was first demonstrated by Wallengren(19()()) for Stykmychia and 
Euploteft, and is clearly shown in Uronychia transfvga in which the 
new posterior giant cirri are formed sometime prior to the nuclear 
changes in preparation for division. The new cirri appeaf in a 
region of the cell previously free from cirri, as well as at the bases 
of the old cirri. Similarly there is a complete new formation of 
the peristome with membranelles in the posterior half and a new 
series of membranelles which replace the old ones in the anterior 
region. Except for mutilations these regenerations and replace- 
ments occur only at periods antecedent to cell division and indicate 
some far-reaching chaftge in the constitution of the protoplasmic 
make-up. The ability to undergo such a change furthermore is 
progressive as shown by experiments in cutting Uronychia (Calkins 
1911). In these experiments the cell if cut immediately after divi- 
sion in a plane indicated by the sec*tion line (Fig. 202), is divided 
into two fragments one of which, the posterior with giant cirri, 
contains the single micronucleus, while the anterior portion, with 
peristome, contains a part of the macronucleus but no micronucleus. 
In such cases the anterior portion may live for four or five days as 
an amorphous fragment but it never regenerates the giant cirri. 
The posterior part however, regenerates the missing a»\iterior region, 
within a few houfe and becomes a perfect cell. Exactly the same 
result invariably follows if an individual is cut when five to eight or 
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ten hours old after division (Fig. 202). At this time the normal 
individual is fully grown and active. At the age of sixteen to eigh- 
teen hours different results are obtained. If a number of individuals 
are cut at this age a small percentage of the anterior parts without 
micronuclei will regenerate into perfect individuals save for absence 



Fig. 202.— Uronjjchia Iransfugat merotomy and rcKcncration. 1, (-ellM iniinediatoly 
after division, cut as indicated; 2, fraKuient of 1, three days after the operation, 
no rcKeneration ; 3, cell cut five hours after division; 4, fraKnieiit A of 3, tiiree days 
after operation, no regeneration; 5, cell cut at l)CKinninff of division as indicated, into 
fragments A and B, C; A\B\C\ fragments A, B, and C, twenty-four hours after the 
operation; fragment A regenerated into a normal but emicronucleate individual 
A*t Bf C, divided in the original division plane forming a normal individual C\ 
and a minute but normal individual B', (After Calkins.) • 

of the micronuclei; the posterior parts always re^;enerate. This 
percentage rises to 100 ^r cent of cases when individuals twenty- 
four hours old are cut. Under the conditions at the time the 
experiments w^re made divisions occurred in normal animals at 
intervals of twenty-six hours. Older cells when cut frequently 
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resulted in the formation of three perfect individuals; one from the 
transected anterior portion without a micronucleus, and two from 
the normal division of the posterior portion. One of the latter, 
the more anterior part, although perfect is of minute size owing to 
the fact that division of the cell takes place through the original 
geometrical center, or the “division zone” of the cell. This minute 
cell grows to normal size and ultimately divides although its division 
is delayed. The original anterior fragment is perfect as far as 
external appearances are concerned, but it has no micronucleus 
and after seven or eight days it dies without dividing. 

This experiment, fully confirmed in the essential points by 
Young (1922), indicates a progressive change in the protoplasm 
in the inter-divisional period. Except when a micronucleus is 
present, young cells when cut are unable to regenerate the missing 
parts. Fragments of old cells have the power to regenerate missing 
parts even in the absence of a micronucleus. Such regeneration is 
characteristic of cells in preparation for division and occurs with 
every division. It follows therefore, that the formation of cirri 
in these regeneration experiments is due to some condition of the 
protoplasm in old cells which is not apparent in young ones and 
IKustrates one type of ihter-divisional differentiation. 

. These experiments also indicate another significant phenomenon 
viz., the reorganization (de-differentiation) of the protoplasm 
with every division of the organism. When division is nearly 
completed the power to regenerate without a micrronucleus which 
was possessed by the organism two hours before, is entirely lost 
and fragments without a micronucleus remain as they were when 
cut (Fig. 202). As stated above a young cell is unable to regenerate 
unless the micronucleus is present &,nd this possibility does not 
appear in the protoplasm until after some hours of metabolic 
activity. This strongly indicates the reorganization of the proto- 
plasm or a restoration to a labile and undifferentiated condition. 
Other evidences of de-differentiation are shown by the loss through 
absorption of the old membranelles, cirri, undulating membranes, 
oral baskets of the Chlamydodontidce and kinetic elements of dif- 
ferent kinds (see Chapter V) while new elements replacing them 
are developed from the protoplasm. In this way there is a more 
or less complete reconstruction or reorganization of the organization 
at each division. 

Another characteristic evidence of inter-divisional differentiation 
is shown by the polarization of the cell immediately prior to divi- 
sion whereby “division zones”' are set up through which division of 
the cell takes place. Such division zones *first described by Popoff 
(1907) are quite evident morphologically in Frontonia leucas and 
physiologically in Paramecium caudatum or Uronychia transfvga 
(Fig. 203). Paramednm caudatum when cut near the anterior or 





Fio. 203 . — Paramecium caudatumt merotomy. 1, 2, an d^3, different cxporimcnts 
the straight line indicating the plane of cutting; 3, the history of a monster; an 
original cell 3a, was cut as indicated; the posterior fragment (b) divided (c) into (4) 
and (e), the latter formed a monster (3, /, to o); enucleated individuals (h. k and n) 
occasionally s^arated from the parent mass. (After Calkins.) 



488 BIOLOGY OF THE PROTOZOA 

posterior end as indicated in Fig. 203, does not regenerate the lost 
part (Calkins 191 1 , Peebles 1912). A meml)rane is formed over the 
cut surface and cortical differentiations in the form of coordinat- 
ing fibrils, basal bodies, cilia and trichocysts are produced. The 
result is a characteristic truncated cell. When this divides division 
occurs in the geometrical center of the organism as it was before 
cutting and not in the center of the truncated cell (Pig. 203). Two 
diverse cells result from division; one is normal and full-sized, the 
other small and tnincated. It very often happens that cutting in 
this manner induces deep-seated changes in the organization and 
such that the precision of division phenomena in the truncated cell 
is destroyed and incompletely divided cells or monsters result. 
(Such monsters, one with 16 mouths, are illustrated in Fig. 203). 

Still further evidence of inter-divisional differentiation is shown 
by the antec^edent nuclear changes preparatory to division whereby, 
in ciliates, macronuclear elements discard part of their substancfc into 
the cytoplasm and fuse to form a single, usually ellipsoidal, macro- 
nucleus which then divides (Uronychia, Stentor, Uroleptus, Spi- 
rostoinum, etc.). Or in flagellates the entire kinetic complex is 
absorbed in Lophomonas and several other types of flagellatefi (see 
r^hapter V). 

It thus appears that well-marked changes of the nature of differ- 
entiations in the organization are taking place during the inter- 
divisional metabolic period, and that transformations of the nature 
of de-differentiations w'hereby the protoplasm is restored to the 
labile condition of a young organism, occur with each division of 
the cell. It is quite ])ossil)le that this divisional reorganization is 
adequate for the preservation of the protoplasm through long periods 
of activity and may be the exj^lanatiqn of the long-continued life in 
certain cultures of ciliates, or continued life of animal flagellates 
in which fertilization processes are unknown. 

Other differentiations occur in Protozoa which cannot be regarded 
as inter-divisional in character. These arc rather of a cumulative 
nature and are not lost^with the de-differentiation which occurs at 
division. 

2. Cyclical Differentiations. —This second group of differentia- 
tions are not manifested in every cell of a sj^cies but appear at 
certain phases in the life history of the protoplasm composing any 
series of individuals. They are racial therefore and correspond 
roughly yith periods in metazoon development such as youth, ado- 
lescence sind age. Some of these differentiations are characteristic 
of very young forms, occurring immediately after fertilization and 
at no other time in the life cycle. Others, make their appearance 
later in the cycle and often after many generations by division. 
These lead to and accompany the phenomena of fertilization and 
include gamete formation and maturation stages. Still others 



VITALITY 


4S9 


occur only at the end phases of the life cycle and are specific char- 
acteristics of age. We find justification therefore, for purposes of 
description at least, in presenting facts concerning ditterentiations 
of youth, of maturity and of age, but we have no intention of set- 
ting limits to these phases or of assuming that an ageing process is 
inherent in Protozoa. 

A. Cyclical Differentiations Peculiar to Touth.— Intensity of 
metabolic activities is one of the characteristic features of young 
organisms but .with Protozoa exact data are difficult to get except 
from isolation cultures. In such cultures intensity is indicated 
by the division-rate and the great majority of ciliates show a higher 
division-rate in the early periods of vitality (see p. oSS and Figs. 
198 to 200). In Uroleptus mohilw this intensity lasts for approxi- 
mately sixty days (Fig. 198) and in SpathuUum spatliula for about 
forty days (Fig, 200). The evidence is not consistent however if 
all isolation cultures are considered and in exceptional cases of 
Uroleptus and of Spathidiiim there is no indication of this relative 
intensity. Nor does BSlaf give any evidence of it in his isolation 
cultures of Actinophrys sol; nor does Hartmann (1921) for Kitdorina 
elegaris. With parasitic forms exact data in this matter are wanting 
and general impressions arc of little value. 

Young organisms show the etfects of abnormal conditions of the 
environment more quickly and more intensely tlian do older ones. 
Gregory (1925) for example has shown that salts and change* of 
meclium are deleterious to very young forms of Uroleptus mohilis 
while older forms are not affected. This is in line with Ghild’s 
results in connection with the action of potassium cyanide on many 
kinds of organisms, those jmrts which liave the highest metabolic 
rate being first to succumb, * 

The differentiations indicated above are i)hysiological in nature 
and are rather intangible. Other differentiations characteristic 
of youth while also physiological arc indicated by morphologic^al 
or structural modifications. Of these the most noteworthy are 
the different types of cysts which are sc^cVeted by all kinds of 
Protozoa. Encystmeiit has been generally regarded as a means 
of protection for the organism against adverse conditions of tin* 
environment. This is probably more traditional than accurate*, for 
very few' Protozoa are actually know n to encyst when the (‘xter- 
nal conditions arc unfavorable. Mast (192.'1) for example finds 
that food and temperature have little effect in causing DtVinium 
nasutmn to encyst but encystment takes place under the* b(*st 
conditions. It is more probable that organisms which have had 
the power to encyst persist uneler such conditions w'hile the great 
majority are killed. Cutler (1919) however gives evidence to show' 
that skatol induces encystment in Endaniwba dysenteriw, Tliis 
power to encyst appears to be a factor of young organisms induct'd 
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possibly, as Mast (1923) suggests, by the accumulation of waste 
materials. In a relatively few cases, however. Protozoa will encyst 
as a preliminary to reproduction by division (TUlina magna, 
Colpoda, etc. among the ciliates, and in some flagellates). 

The sporoblast capsules of all Sporozoa with the exception 
of the Cnidosporidia (p. 451), are formed as a result of the flrst 
activities of the young fertilized cell and they do not occur again. 
The same phenomenon is characteristic of zygotes in Sarcodina and 
Mastigophora. With Infusoria where fertflization .is accomplished 
through conjugation such zygote cysts are practically unsown, 
but encystment, with reorganization processes, is possible during 
the early period of the life cycle until maturity, when it is apparently 
replaced by conjugation. Thus in Uroleptus mobilis in connection 
with which this phenomenon has been carefully studied, encystment 
may occur within three days after fertilization but usually after a 
longer period has elapsed. Such encystments occur under the same 
external conditions as do conjugations later in the cycle. So-called 
“conjugation tests” are made every week or ten days. For these, 
all of the individual cells of a series left over after a daily isolation 
has been made are placed in a large container with fresh medium. 
*Here they are allowed to accumulate until thousands of individuals 
are present. The food medium is not replenished and such mass 
cultures are watched daily until the individuals die. After flve 
or six days conjugations will take place provided the organisms 
are mature; if they are not mature encystment takes place and it 
frequently happens that thousands of cysts are present in one 
container. From the records made during the last seven years it 
is possible to work out the incidence of encystment and of conjuga- 
tion for each series. Fig. 204 shows^he vitality curve of ten different 
series. The periods of the first encystments observed and the last 
encystments in the different series are connected by vertical lines. 
The first appearance of conjugation is indicated in the same manner 
but with double lines. In some series it happens that bbth encyst- 
ments and conjugations occur in the same container but tests of 
the same series made later give only conjugatioiu. With Uroleptus 
at least it appears therefore that encystment is a characteristic 
phenomenon of young organisms comparable with the Dauersporen 
of phytoflagellates, and lower plants generally, after fertilization; 
and that the power to encyst disappears with the advent of maturity. 
It is- highly desirable to have similar data for other types of cUiates; 
some incomplete studies on Didinium nasutum indicate analogous 
phenomena (Calkins (1915). 

B. Cyclical DiSerentlationa Peculiar ‘to Old Age.— Toward the 
end of the life cycle even more characteristic differqptiatipns occur 
than at the outset. In many cases these are coincident with the 
fertilization phenomena and will be discussed in connection with 
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differentiations at maturity. The ipost .significant of these age dif- 
ferentiations artf: (1) Greatly reduced vitality; (2) structural differ- 
entiations; (3) abnormal divisions lefuling to monster formation; (4) 
special structures appearing at no other time in the life cycle. 



Fio. 204.— Vitality graphs showing tho limited period of cncystment (between 
the two irregular vertical single Jinee), and the periods at which conjugation begins 
(double line) in ten different series of Urolephu mobHia. (Original.) 


The best evidence of reduced vitality towards the end of the 
cycle is afforded by Uroleptits mobilia and Spathidiutn gpathula. In 
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the former, series after series have been followed from high initial 
vitality after fertilization until death occurred. In more than 
one hundred and twenty such series the history has been the same 
but with variations in time and in number of generations well illus- 
trated by the series selected from the records for different years 
and shown in Fig. 198. The last individuals of such series may 
show a remarkable tenacity in vitality but without the power to 
reproduce. Of 283 such ‘‘last individuals’^ 1 lived more than ninety 
days; 2 lived more than sixty days; 7 more than .forty days; 15* 
more than thirty days; 26 more than twenty days; 88 more than 
twelve days; while the remainder lived from one to ten days. In 
all of these cases the old individuals were transferred daily to 
fresh medium from the same source as that in which other, younger, 
individuals were dividing from one to three times per day. In 
most of the old specimens apart from the reduced division rates, 
there is little evidence of physiological weakness. They move with 
the usual vigor and apparently maintain an equilibrium between 
income and outgo for many days. This cjondition is the outcome 
of a gradually waning vitality which in turn may be due to a slowly 
hicreasing stability of substances in the protoplasmic organization, 
or as Robertson (1921) suggests, to accumulation of substances 
which can no longer be discharged from the cell. Thh I interpret 
as evidence of old age differentiation with the same fatal termina- 
tion as that which follows highly differentiated gametes which fail 
to unite in fertilization. 

In many organisms this physiological deterioration is accompanied 
and manifested by structural degenerations. Maupas (1888) 
noted the loss of micronuclei in old age ciliates as well as other 
degenerations involving the motile organs (Fig. 197). The observa- 
tions have been fully confirmed with U roleptvs mohilis particularly 
in regard to the loss of micronuclei, but also noticeable in the extreme 
vacuolization of the protoplasm (Fig. 7, p. 28). In Parnmeciuvi 
caudatuiii and in individuals which have not conjugatetf for a long 
period, old individuals are characterized by hypertrophy of the 
micronucleus and by the loss of trichocysts in the cortex. 

Still another outcome of the physiological weakness is the tendency 
to divide abnormally thus leading to monster formation. This 
has been typical of all old age cultures which have come under my 
observation. Such monsters are strikingly like those formed as 
a result of cutting Paraineeinvi (see supra p. 486) but they never 
grow into large amorphous masses of protoplasm which frequently 
develop from mutilaterl Paramecium individuals (Fig. 205). 

The old age phenomena discussed above all involve a physiological 
weakness or reduced vitality which may well be lyaced back to 
increasing stability of protoplasmic substances, and lead to a 
break-down in the protoplasmic organization. A fourth type has 
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to do with protoplasmic differentiations of a formative character 
and involves structures which appear for the first time, and only, 
when the protoplasm is old, probably as a result of the cumulative 
differentiation which has taken place. The sporoducts of the gre- 
garines furnish a good illustration of this phenomenon. Here in 
(Iregarina cuneata, accordingly to Kuschakewitsch (1807) the old 
nucleus gives rise to a minute germinal nucleus while the remainder 
is distributed as chromidia throughout the cell. The characteristic 
sporoducts groAr into the brood cavity of the sporocyst in the form 
of tubules at the bases of which the observer found collections of 
chromidia (Fig. 121, p. 244). Similar observations have been 
made upon other sporoduct-bearing forms (ClepMrinaf (iregarina 
ovata, etc.). These are final prcxlucts of protoplasmic activity with 
the prospective function of sporoblast elimination and have nothing 
at all to do with fertilization (see Chapter XI). Also in the (^nido- 
sporidia some of the residual nuclei and protoplasm become differ- 



Kio. 205 . — Paramecium caudaium monster, a type rfmimon ut pericxJs of old age. 

(Aftfr Calkins.) 


entiated into sporoblast capsules while others give rise to the peculiar 
polar capsules and the threads characteristic of these Si>orozoa 
(p. 44(5). 

In a number of Sarcodina, as in (iregarhiida, there are special 
morphological stru(!tures for the purpose of distributing the mature 
products of multiple division. These are frequently quite complex, 
the claters and capillitia of Mycetozoa for example, recalling the 
spore-disseminating elements of the higher plants. The life 
history is varied, the complications being due mainly to the forma- 
tion of multinucleated plasmcxita by fusion of numerou.^f multi- 
nucleated cells and to fruiting or spore structures which arise from 
the plasmodium. According to the later observations of Jahn 
(1911) the plasmodium l)egins as a single zygote in the form of an 
amoeboid cell with one nucleus. This nucleus divides repeatedly 
resulting in a multinucleated cell and plasmodia are formed by 
fusion of such cells. When mature the plasmodium gives rise to 
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the elaters through the. activity of nuclei which degenerate with the 
process. In some forms the old plasmodium loses water, dries 
and forms a hard indurated crust called a sclerotium. In the 
majority of forms the protoplasm becomes transformed into a 
tough skin or membrane termed the peridium which may be 
strengthened by deposits of lime. Other parts of the protoplasm 
become modified into felted spore capsules or capillitia through 
which the elaters ramify. 

In all of these cases of old age protoplasm the evidence justifies 
the (!on(*lusion that the organization has become profoundly changed, 
the change often resulting in useful morphological and physiological 
differentiations. The changes are of a character however which 
prevents any recovery of vitality and death of the protoplasm 
results unless gamete formation and fertilization supervene. 

C. Cyclical Differentiations Peculiar to Maturity.— ^xual maturity 
in Protozoa is not a theory but a fact demonstrated in many dif- 
ferent kinds of Protozoa. In many cases the young form slowly 
grows to its adult condition; differentiations appear with continued 
metabolism until the individual becomes a gamont and givrs rise 
•J;o gametes. Thus in polycystid gregarines the sporozoite slowly 
grows to its definitive size and differentiations appear with that 
growth. The protoplasmic conditions leading to gamete formation 
may, with equal reason, be regarded as evidence of still further 
differentiation in the protoplasmic organization. In Schizogre- 
garinida and in Coccidiomorpha an asexual reproductive cycle 
intervenes between the sporozoite and the gamont and the same is 
true in the Foraminifera and the Phytomonadida. In Infusoria, 
as Maupas long since demonstratecj, fertilization is possible only 
after a period of vegetative metabolism and reproduction. Sexual 
maturity in general therefore, like other conditions of protoplasm, 
may well be interpreted as evidence of specific differentiations of 
the protoplasmic organization. , 

Few problems in by)logy have attrac^ted more attention than 
those associated with sex, and attempts to interpret the phe- 
nomenon have been as varied as they arc sometimes ingenuous. 
The very definition varies with different interpreters, the usual 
definition involving association of the concept sex with peculi- 
arities of structure and function which enable an observer to 
distingyish males from females. Others regard sex as evidence 
of a fundamental difference in protoplasm, one type giving rise to 
males, another tyj^e to females as in Weininger's arrhenoplasm 
(male producing) and thelyplasm (female producing). Or the 
differences of sex according to Minot (1882) and Schaudinn (1804) 
are due to speqific types of chromatin both of whicii are present 
in all individuals derived from a fertilized cell, but male chromatin 
predominating in males, female chromatin in females. Still others 
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interpret sex differences as originating through metabolic activities, 
segregation of piotoplasm thus differentiated, and distribution by 
inequalities in division of the cell as Biitschli first suggested. 

Not only somatic differentiations with their specific functions, 
but products of such differentiation in the form of gametes together 
with the causes which bring about the attraction and fusion of 
gametes, are all bound up in the ultimate significance of sex. Somatic 
differentiations indicating male or female types are extremely rare 
in Protozoa but problems of gamete formation and fusion are 
presented by Protozoa of all kinds and so far as it applies to such 
problems, the term sex and its. connotations apply to the unicellular 
animals. 

There is little reason to doubt that a fundamental effect of sex 
is the perpetuation of the species through union of gametes; and 
there is equally little reason to doubt that the same function under- 
lies conjugation and fertilization generally in Protozoa. It is 
tacitly understood by biologists that the sum-total of conditions 
leading to the production of eggs or of spermatozoa is tyi)ical of the 
female or of the male, hence egg-like gametes in Protozoa are 
regarded as the result of female activities, while spermatozoa-like 
gametes come from males. This line of thought has led to the widT?- 
spread custom of describing macrogametes in Protozoa as female 
and microgametes as male organisms. A difficulty has arisen 
however, in connection with the entire absence of visible differences 
between the gametes of many species distributed amongst all groups 
of Protozoa, and here obviously, the attempt to apply any defini- 
tion of sex fails completely. Yet suc*h fertilizations are as fruitful 
and as important for the species as are those in which gametic 
differences are well-mark<?d. 

There are two fundamental biological problems associated with 
the formation and fusion of gametes. These are ; ( 1 ) The explanation 
of the origin of gametic differences, and (2) explanation of tlu^ phe- 
nomenon of attraction of gametes followed hy tiu'ir temporary or 
permanent fusion. It would be mere presumption to claim that our 
present state of knowledge permits an explanation of th(‘se phenom- 
ena, but there is an abundance of data from which working hypothe- 
ses may be deduced. 

Ga7neiic Differences,— \n Metazoa differences in gametes are 
reduced to practically those between egg and spermatozoyn. In 
Protozoa there is no common type of difference but all gradations 
may be found here from apparently similar individuals to differ- 
entiated eggs and spermatozoa. This has led to attempts to classify 
gametes for purposes of description, into those which are similar 
(isogametes) rmd those which are dissimilar (anisogarnetes). Similar 
gametes, however, may be minute derivatives of adult individuals 
—microgametes— or they may be adult individuals which cannot 
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be distinguished from ordinary asexual, vegetative individuals. 
The latter type is represented by the vast majority of Infusoria, 
and, as Minchin maintained, there is very little justification for 
calling them gametes at all; yet they come together for purposes of 





THf?Ce SOMATIC DIVISIONS OP PCRTILIZCD NUCLEUS 



V\o. Paramecium caudatum. Diagram of the fertilization processes. 

(After Calkins.) 

fertilization and to this extent at least, resemble gametes. In the 
majority of Protozoa fertilization involves the permanent fusion of 
cell bodies as well as of cell nuclei and the term copulation is applied 
to such cases. In the Infusoria fertilization involves the permanent 
fusion of nuclei only, while the cell bodies, with few exceptions, are 
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incompletely fused and this is only temporary (Fig. 206). To this 
phenomenon the term conjugation is given. A conjugating ciliate^ 
however, is physiologically different from a vegetative individual and 
may be distinguished by the general designation gamont. These 
considerations lead to the following classification: 

(а) Conjugation.— Temporaxy cell fusion of gamonts; permanent 
nuclear fusion. 

(б) Copulation.— Vermanent fusion of cell bodies and cell nuclei 
of gametes. 


A. Isogametes 


Gametes ' 


B. Atiisogametcs 


(a) Similar macrogametes or 

gamonts (hologametes). 

(b) Similar inicrogametes. 

(а) Dissimilar microgametes. 

(б) Macrogamctes and inicrogam- 

etes (oogametes). 


(a) Hologametes and Conjugants.—The nearest ap])roach to 
conjugation of the ciliates is to be found in the fertilization phe- 
nomena (pseudo-conjugation) of the Sporozoa, particularly in the 
Gregarinida. Here, two gamonts (gametocytes) (*onie together 
but do not fuse; after the formation of a common cyst each cell 
proceeds to form a number of gametes which may be isogamous 
or anisogamous. After the gametes are formed the gametocytes 
degenerate and disappear while the gametes fuse two by two in 
copulation. In the coccidian Adeka the phenomena aire more 
nearly like those of the ciliates. Here a microgametocyte and a 
macrogamete become associated in conjugation and without the 
formation of a cyst membraift?. The former produces four or 
more nuclei by division and one of these penetrates the macro- 
gamete and fuses with its nucleus. One of the conjugants thus 
resembles a (iliate while the other one, the microgametocyte, rest*in- 
bles a gregarine in that it degenerates and disapjiears. In ciliates 
there is a mutual formation of gametic nuclei, '.i mutual interchange, 
and a mutual fertilization. Here both individuals correspond to 
the macrogamete of Adelm. 

It is possible that the peculiar comlitions existing in present-<lay 
ciliates may have resulted from conditions of pseudo-conjugation 
as illustrated by the present-<lay gregarines, and. that originally, 
a group of gametes were formed which united to form zj^gotes 
outside of the parent cells, or inside as in the case of Ophryacystis 
mesnili* (Fig. 180, p. 425^. On this hypothesis which has been 


* Some of the parasitic ciliates HUgKCst the gregarines in their conjugation phe- 
nomena. Thus iv.% Balantidium coli. according to Hrumpt (1900), two individuals 
come together and form a common enveloping cyst membrane within which thQ 
two cells now completely fuse, 

32 
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very generally accepted by protozoologists, the fusing nuclei of 
conjugating ciliates are interpreted as the nuclei without cell bodies 
of gametes, such as those of Ophryocystis. An interesting observa- 
tion by Dogiel (1928) on the parasitic ciliate CychpostUim hipnU 
matuvi and in other Ophryoscolecid® as well (Dogiel 1925) lends 
some support to this theory. Here gametic nuclei are formed as 
in other ciliates; one of these nuclei, the migrating nucleus, develops 
a tail and, like a spermatozoon, makes its way through the mem- 
brane of the ixjristomial region of the mothep-cell, and into 
the external chamber formed by the mode of fusion of the two 
gamonts (Fig. 207). From this chamber it enters the other gamont 
by way of the mouth and ultimately meets and fuses with the sta- 
tionary nucleus of this gamont. 




Fi<3. 207 . — Cydopoathiurn bipaimatum. individuals with siuTinatozoon- 

like wandering nuclei^% (After Dogiel.) 


(b) Isogantefrft and jUiisagametcff,- term copulation as 

used in connection with the Protozoa refers to total and permanent 
fusion of gametes. Of these there is the greatest variety of stnu;- 
tures and ditfereneesfin different types of Protozoa. In very few 
cases of isogametes do we find copulation between individuals 
whose differentiations are not expressed by morphological charac- 
teristics. In such types the individuals differ little if at all from 
the ordinary vegetative forms except in a physiological sense. 
Plastogamy or casual cell fusion is easily mistaken for such holo- 
gamicccopulation and descriptions of so-callecl fertilization processes 
in Noctilnca, in testate and in naked rhizopods, in Ileliozoa and in 
different types of flagellates are open to criticism on this ground. 
In the case of Scytomonas ((^opromonas) subtil iff (Dobell UilS) and 
S. minor (Berliner 1919) the evidence appears to be fairly convinc- 
ing that copulation of hologametes actually does ocebr, but even in 
these cases, the interpretation is not above criticism (Fig. 2()(S). 
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The majority of isojjametes show morphological characteristics 
which easil,\' distinguish them from agametes or vegetative indi- 
viduals. In mans' cases the physiological differences at maturity 
are expressed by a change in the type of division whereby binary 
fission is replaced by multiple division. Many daughter cells are 
thus formed from one gametocyte anil the term merogametes has 
been applied to such a brood. The coinilating gametes, however, 
show no distinguishing morj)hological characteristics and the 
differences between them if there are any, must be of a i)hysiological 
nature. In Koraminifera such isogametes are the rule and tlieir 





2US. Srytomonaa ituhiilifif ropulalioii. (Aftor 


formation indicates a well-defined cyclical differentiation of the 
parental protoplasm. Thus in PolydoineUa rrispa according to 
Schaudinii (HiOli) and Lister (HlOnj; in Pvuvr(i}ilis jivrivftmt according 
to Winter (1907) ; in Trirh().sph(primn Jiirhcldi according to Scluyidinn 
(1899) and in Koraminifera generally, the young protoplasm after 
fertilization forms one type of organism ternu*d the inicrosphaTic 
generation which reproduces by agamete formation (Kig. 119, 
p. 239). Such agametes dcv(‘lop without fertilization into organisms 
of a different t^'])e, the difference being shown by the character of 
the initial shell chamber, henir a inacrosphaTic giMieration. After 
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metabolic activities and full growth the macrosphseric organism 
breaks down into a multitude of isogametes which have an entirely 
different organization from that of the agametfe. Whereas the 
latter are pseudopodiospores, the isogametes are flagellispores, each 
bearing two similar flagella, and copulation occurs by union of two 
of these similar flagellispores (Fig. 119, A, C). 

Isogamous microgametes are also quite common in Phyto- 
monadida and in their formation the usual type of binary fission 
gives place to multiple division whereby from four,(e. g., PolyUma 
uvella) to many (e. g., Stephanospheera, Chlamydomonas) isogametes 
are formed. Also in the Sporozoa, particularly amongst the 
Gregarinida, isogametes are characteristic but there is no uniformity 
in the group and a tendency to anisogamy is pronounced. The 
same genus (e. g., Monoq/sUa) comprises some species with isoga- 
metes, some with anisogametes. A iq)ecial and interesting case 
of isogamete formation is illustrated by the schizogregarine Ophryo- 
cyatia meanili a pmrasite of the cockroach (Fig. 180, p. 425). 

Anisogametes illustrate not only the cyclical differentiation 
resulting in a different type of reproduction from that of the usual 
vegetative type but they also illustrate the two divergent*effects 
which such differentiations may bring about, one leading to rela- 
tively greater stability, storage of metabolic products and relative 
inactivity, the other leading to a more kinetic organization with 
freedom from metabolic products. As one would expect there is 
every gradation in the relative differentiation of anisogametes 
from forms which might well be regarded as hologametes to the 
completely differentiated egg-like cells and spermatozoa of the 
Coccidiomorpha or Volvocidse. 

According to Schaudinn’s interp^tation of the fertilization pro- 
cesses in Actinophrya aol (1896) there is a permanent fusion of 
similar adult cells (hologametes). But the recent investigations 
of BSlaf (1922) show that one of the apparent hologametes develops 
a pseudopodial process which is the first to unite with the other 
gamete and undergoes its meiotic divisions more quickly than does 
its mate (Fig. 209). Similar minute differences in microgametes 
are characteristic of Monocyaiia roatrata but the differences become 
more pronounced in Pterocephalua mhilia, Schaudinella henleoe, 
or Stylorhynchua longicoUia. In Phytomonadida also, slight differ- 
ences may be facultative in PolyUma uvella, more pronounced in 
CMord^onium ewMorum and extreme in the genus Volvox (Fig. 211, 
p. 504). In Sarcodina, apart from Actinophrya ad, there are few 
cases in which the full development and fusion of anisogametes 
have been convincingly demonstrated. Schaudinn (1903) described 
the formation and union of anisogametes in a Centropyxia acukata 
but the confirmatron of his arcelliform gametes has no\; yet appeared. 
Elpatiewsky (1909) described the fusion of anisogametes in Arcella 



VITALITY 


vulgaris as a part of a very complex life cycle. In both of these 
testate rhizopodj the nuclei of the gametes are derived from chro- 
midia formed in the gametocytes while the cell bodies are formed 
by multiple division of the protoplasm. In Radiolaria according 










Fia. 209,— Actinophry 8 8ol, maturation and copulation of gametes. 1, section of 
individual prior V> fertilization; 2, 3, division of nucleus and cell to form two gameto- 
cytes; 4, 5, 6, first meiotic division of the two gametocytes; 7, 8, 0, second meiotic 
division and formation of gametes; 10, differentiation of the gametes; 11, 12, fusion 
of cell bodies and nuclei. (After B4laf.) 
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to Brandt (1885) and Borgert (1900) the same central capsular 
protoplasm gives rise to anisogametes in the form of two types of 
flagellated swarmers, but fusion of gametes has not been observed. 

A further stage in the manifestation of differentiation at times of 
maturity is shown by those Protozoa in which the form, character, 
and size of the fusing gametes are widely different. Here progres- 
sive differentiation has followed two general directions resulting, 
in one direction, in the formation of large, usually quiescent, 
food-stored cells the macrogametes, in the othfer direction, in 



Fig. 2\{^,—Epi8tyli8 umhellaria; colony with mature macrognmotoa and micro- 
gametes and their fusion (m) and (Af). (After GreefT.) 

minute highly motile cells, the microgametes. In these cases 
furthermore the differences in the gametes may be followed back 
through the gametocytes for several generations so that cells 
destined to give rise to macrogametes or to microgametes may be 
distinguished at an early periwl. 

Examples of this type of anisogamy arp practically limited to the 
Phytomonadida and the Coccidiomorpha. In the Ciliata, however, 
there is a partial differentiation in this direction in the Vorticellidse 
where a larger and attached individual— the macrogamete— is 
scarcely distinguishable from vegetative agamonts, while the micro- 
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gametes are one-eighth as large and are formed by three successive 
divisions of the microgametoc>i:es (Fig. 210). The microgametes 
always become ctetached and swim about actively until they perish 
or meet and fuse with a macrogamete. 

Amongst the Phytomonadida, the Volvocidse illustrate every tran- 
sition from isogamy to complete anisogamy of egg and sperm, the 
type being distinguished as oogamy. Here the genera Eudorina, 
Pleodorina and Volvox show real sexuality, eggs arid spermatozoa 
being formed, in some cases in sexually differentiated colonies. 
According to the investigations of Goroschankin (1875), Goebel 
(1882), Chatton (1910) and Merton (1908) male and female colonies 
are differentiated in Eudorina and Pleodorina. Egg cells of the 
female colonies are only slightly different from the usual vegetative 
cells. In the males the cells become highly modified; all cells of the 
male colony, with the exception of the 'most anterior, become 
gametcK*ytes which divide as though forming daughter colonies 
but the usual 32 gametes remain in a GoniumAWie plate. Their 
color changes from green to yellow and they develop 2 flagella and 
become inu(‘h elongated. VolwXy in the main, agrees with Eudorina. 
In V:^lobator from 20 to (34 flagella-free, rouml cells, in V. aure^hs 
from I to 15, are produced in the vegetative half of the mother- 
colony (Fig. 211). Microgariietocytcs are variable in number at 
the generative pole; in V. globator the number is small (from 1 to 5), 
but in V. avrem, the cells of an entire hemisphere or even more, 
may become inicrogainetocytes (Fig. 211, J?, Z)). In each micro- 
gametocyte, plates of microgametes are formed as in Eudorina. 
They are spindle-shape and somewhat spirally bent with a chromato- 
phore at the posterior end and a proboscis-like anterior end with 
laterally inserted flagella. • 

Volvox globator is represented by both vegetative and germinal 
colonies. The former give rise only to parthenogenetic or asexual 
daughter colonies, the latter are raonceeious i)roducing both macro- 
and mieragametocytes. According to some observers the colonies 
are protan<lrous making self-fertilization impossible, but others 
find that self-fertilization is not infreciuent (Klein, Overton, et al.). 
In Volvox aureus there are pure vegetative, pure female and pure 
male colonies but the progeny of a colony of any type does not of 
necessity follow the parental type. 

A similar complete differentiation, or oogamy, is shown by the 
majority of Coccidiomorpha amongst the Sporozoa. Tjfi some 
cases, however, notably in the genus Adelea^ gamete differentiation 
is of the same general type as in the Vorticellidte. In other cases 
a multitude of minute «perm-like gametes are formed from the 
microgametocyte while the macrogamete appears like a .slightly 
modified vej^etative individual (Fig. 183, p. 427). In Cyclospora 
karyolytica, Schaudinn (1905) maintained that differences shown 
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by the mature gametocytes could be followed back to the sporo- 
zoites from which they came. 

In these various cases we find quite variable exjUessions of differ- 
entiation in the protoplasm of a given species. This differentiation 
appears to be cumulative in the life cycle and the same initial 
protoplasm through differentiation in two directions may, at matur- 
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Fia. 2\\,—Volvox globator {A) and V. aureus (B, C, E) A, Sexually mature 
colony with eggs (e, niacrogametes) , and spermatozoids (sp.). B, asexual colony 
with young agamous daughter colonies; C, female colony with macrogametes; B, 
male colony, with many bundles of spermatozoids (microgametes). (From Olt- 
manns.) 

ity, give* rise to both types of gametes. If however, the differentia- 
tion in two directions is manifested at the very outset of a life 
cycle in organisms developing from zygotes, one ultimately giving 
rise only to macrogametes, the other only to microgametes, then 
we are dealing with a matter of inheritance and not ^ith progres- 
sive or cumulative differentiation through metabolic activities. In 
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such instances, particularly if the differentiations are manifested by 
structural features whereby one type can be distinguished from 
the other we are justified in using the term sex in the same sense as 
used for Metazoa. 

Summary. “In the preceding pages an hypothesis has been 
developed for the purpose of bringing together a large array of 
disconnected facts in one comprehensive biological generalization. 
The underlyii^g principle is the irritability of protoplasm as mani- 
fested by the phenomena of adaptation. The fundamental organ- 
ization or particular type and arrangement of the proteins, 
carbohydrates, salts, and other constituents of living substance, is 
specific for each kind of organism. Vitality is interpreted as the 
aggregate of chemical and physical reactions going on between and 
amongst the diverse parts of the organization and between these and 
the environment. Adaptation is the response of the organization to 
unusual conditions. It involves somewhat changed reactions and 
these in turn, may involve new substances which may or may not be 
the basis of new morphological elements, but the fundamental 
organization becomes at least somewhat modified. The inciting 
causes of such changes may be of environmental or of intcrtial 
origin. Amongst the latter are new combinations which occur with 
amphimixis. Here also, are the new substances which arc fornuMl 
as a result of metabolism, particularly of oxidation. These may 
or may not be labile, i, e., subject to reversal of phase in a physicfal 
sense, or to participation in the vortex of vital activities generally. 
If not labile they become metaplastids and may or may not serve 
some useful purpose for the organism. If such products of activity 
are labile new combinations wfth other substances in the protoplasm 
are possible and the results are manifested as ditferentiations. 

On this basis we interpret the differentiations which appear with 
the intake of water and oxygen by an encysted organism (p. 4Sfl) 
or the various activities characteristic of Protozoa during the early 
phases of the life history. On the basis oPchaiiges due to general 
metabolic activities and due to the specific organization of any 
particular form, we interpret the drastic alterations which accom- 
pany and characterize cell division. These involve the changes in 
physical condition of the various colloidal substances, such for 
example, as the increase in permeability due possibly to the accumu- 
lation of hydrogen ions, and the absorption of water. They also 
ifivolve cytolytic activities as indicated by the disintegration and 
absorption of kinetic elements, of eliminated nuclear chromatin, 
and division of all the substances active in vitality. The conditions 
under which, these divisional activities are manifested represent 
inter-divisional differentiations which are reduced through proto- 
plasmic activities at division leaving the organization in a labile 
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state characteristic of the early inter-divisional period. If the 
reorganizations effected by these divisional activities are always 
the same generation after generation, then, on •the hypothesis, 
there is no a priori reason why under appropriate environmental 
conditions, metabolic activities, or vitality, should not continue 
indefinitely (Sec Child, Hartmann, BSlaf, Jollos, etc.). Such is 
the explanation that I would give of continued life without fertiliza- 
tion of animal flagellates, aided here possibly, by changes which 
may take place during the periods of encystment.^ On the same 
basis we find an explanation of the long-continued isolation cultures 
without fertilization of organisms which, under usual conditions, 
undergo fertilization. Some types of organization are evidently 
able under appropriate conditions of the environment to return to 
the same labile organization after each division. Such types would 
thus have a prolonged asexual cycle, possibly, as Enriciues asserts, 
as long as the observer cares to continue the culture. Here Endorina 
elegann (Hartmann) and Actinophry^t sol (Belaf) are conspicuous 
examples to which should be added the exceptionally long-lived 
races of Infusoria in the hands of Enriques, and of Woodruff and 
his pupils. Here also we may add the amicronucleate i^lce of 
Didiniuni nasnium which Patten (1921) followed through 652 
generations in two hundred and thirty-eight days, and one series 
of Llrokptiis mobilis which lived through a period of five hundred 
and ninety-eight days, divided 597 times and had a relative vitality 
of 110.4 per cent, although such cases may be interpreted as due to 
peculiar combinations through amphimixis. 

If, however, reorganization as effected by division does not leave 
the protoplasm in its original labile condition, then inter-divisional 
activity of the progeny starts with aflifferent organization than did 
the previous generation and this, continued generation after genera- 
tion produces an accumulative effect. This is manifested by phy- 
siological a(?tivities and by stnictural modifications not shown before. 
The decline in the division-rate for example, may indicate that the 
living substances are <iecoming relatively stabile and more and 
more irreversible in phase as was the case with one race of Para- 
weeinm vatidatum in which the individuals became homogeneous 
and black in appearance with complete loss of the usual vesicular 
character (Calkins, 1904, Fig. 212). This particular condition was 
relieved by the use of electrolytes added to the usual medium 
(K 2 HP® 4 , KCl, etc.). In extreme old age in ciliates there is appar- 
ently a cessation of the intricate activities involved in cell division. 
Evidence of this is the tendency to form monsters and the tendency 
of parts to undergo degeneration, nueWi, motile organs, kinetic 
elements, etc, in particular. ^ 

Between the extremes of youth on the one hand and old age on the 
other is a condition of cumulative differentiation termed sexual 
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maturity. In this condition phenomena occur which do not occur 
earlier and the organization may become visibly altered. Thus 
gregarines lose* their attaching organs and become gamonts; the 
physical condition of Paramecium changes to such an extent that 
two individuals will fuse on contact at any part of the cortex (I 
have observed an amorphous group of nine such i)artially fused 
individuals) ; or the phenomena of plastogamy in general are possible 
under such conditions of differentiation. 

With the protoplasm in this latter condition due to continued 
metabolism further differentiations are possible and, carried out in 
different directions, lead to specializations characteristic of gametes. 
As Biitschli first suggested inequalities in division may account for 





Fig. 212. Paramecium caudatiim in a period of clpprossion and rofovery l*y treat- 
ment with salts. (After Calkins.) 


the differen(H?s in gametes, a possibility indicated by the rnon* irri- 
table anterior region of the ciliates, or by the more active pulsations 
of the anterior (;ontractile vacuole in Paramecin ni. 

When such <liflFercntiation progresst's to the point of isogainete 
and anisogametc further metabolic activities and reproduction are 
stoj)pcd, and if fusion is prevented, the gametes die. With the 
ciliates this is true only of the Vorticellida*. In other^ ciliates, 
differentiations at sexual maturity have not procetxled far etiough 
to seriously affect the general metal)nli.sm and power of reproduction. 
This is demonstrated bj; experiments with “split” pairs, or .separa- 
tion of two individuals recently united in conjugation, an experi- 
ment first performed by Hertwig (1889) and later by (’alkins 
(1904, 1919) and by Jennings (1909). Here an individual thus 
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separated, continues with the same division-rate that it would have 
had had it not conjugated. Yet the history of isolation cultures 
with exceptions noted above, shows that ultimately if conjugation 
aiid parthenogenesis are continually prevented, the race, like 
anisogametes, will die. 

This brings us to the consideration of the phenomena, including 
meiosis and reduction of chromosomes taking place during fertiliza- 
tion, and to the much-discussed matter of the effects of conjugation 
or fertilization generally on the organization and on vitality. These 
will be discussed in the following chapters. 
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CHAPTER XI. 


PHENOMENA ACCOMPANYING FERTILIZATION. 

• 

In the preceding chapters we have endeavored to show that 
continued metabolism leads to changes in the organization of 
Protozoa whereby phenomena of a cyclical nature in the life history 
are possible. Among such changes are those which underlie 
activities at periods of sexual maturity including gamete formation. 
In the present chapter I wish to consider the activities which take 
place immediately before, during, and immediately after fertilization, 
phenomena which are involved in any attempt to interpret the effects 
of fertilization. Here we have to do with protoplasm which has 
become so changed in organization that further metabolism is 
impolsible as in highly specialized gametes, or with protoplasm 
which is so little changed that metabolic activities are still possUde. 
The special problems to be considered in this connection are: 

(1) The environmental conditions under which fertilization occurs; 

(2) fertilization types; (3) the internal phenomena of maturation 
aild reduction in number of chromosomes; (4) the immediate meta- 
gamic internal activities involved in reorganization; (5) partheno- 
genesis. 

1. THE ENVIRONMENTAL 'conditions OF FERTILIZATION. 

(a) Ancestry.— Attempts to analyze the conditions under which 
fertilization by fusion of gametes, or by conjugation, takes place 
have beon made in relatively few cases. Since the first of such 
attempts, and the majority of later one*;, have to do with the 
conditions of conjugation in ciliates we may consider these first. 
Of the three conditions cited by Maupas (1889) as necessary for 
fruitful conjugation— sexual maturity, diverse ancestry, and hunger 
—the last one only has to do with environmental conditions. The 
second condition, however— diverse ancestry— was considered so 
important by Maupas and has been so frequently called upon in 
explanation of results obtained by many subsequent investigators, 
that it cannot be ignored. Maupas found that individuals of the 
same ancestry either wduld not conjugate at all among themselves, 
or if they did the ex-conjugants were weaklings and soon died. 
He also found that, with other evidences of degeneration, closely 
related individuals of extreme old age showed a tendency to con- 
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jugate and that such conjugations always lead to sterile results or 
to abnormal ex-conjugants which quickly die. 

Largely as a result of these conclusions of Maupas in unwarranted 
importance has been attached to the relationship of gametes, and 
fertilizations have been described as exogamous, endogamous, 
autogamous, or paedogamous. Of these the third refers to self- 
fertilization and the second and fourth to union of closely related 
individuals. Such terms serve a useful purpose for descriptions 
but are without significance in the matter of effective fertilization. 
It is quite possible, however, that a brood of gametes from the 
same gametocy te wdll have a common physical and chemical make-up 
and will not be attracted to one another but w^ill meet and fuse wdth 
apparently identical gametes from another gametocyte. This 
appears to be the case with Polystomella crispa acc^ording to Schau- 
dinn (1903) and also of gregarines. The significance of ancestry 
however, appears to be in the matter of mating rather than in that 
of effective fertilization and belongs to the same group of phenomena 
as the fact that sperm cells do not unite with sperm cells or eggs with 
eggs. With Infusoria Maupas’ conclusion has not been supported 
by later observers, (^alkins (1904) found that fully as many 
conjugations between closely relateKl forms of Paramecium caudatuin 
WTre fruitful as between forms of diverse ancestry, and one such 
ex-conjugant from a closely-related pair, was followed through 370 
generations by division. Similar evidence has been furnished by 
isolation cultures of Didmium nasutum, Paramecivni aurelid, 
Paramecium hursaria, Stylonychia sp., Blepharuma uudvlatiff, 
Spathidiim spathula, (Jxyfricha fallax, and Chilodui rvculivs. 
With Vroleptm mohilu the j)rotoplasm of one individual gave rise 
to progeny which would conjugate wlfbnever the i)roper conditions 
were provided, and the 120 series derived from ex-con jugants from 
such unions furnish ample proof that the conjugations were fruitful. 
Such results indicate that Maupas’ conclusion regarding the necres- 
sity of diverse ancestry w^as incorrect. • 

(6) Enviromnent.— Ont* unmistakable conclusion can be draw^n 
from the many diverse observations and interpretations of the 
conditions under which fertilization occurs in ciliates, viz., the pro- 
toplasmic state with which conjugation is possible is induced in 
large part, but not w^holly, by environmental conditions. 

In practice the simplest w^ay to obtain conjugations in ciliates 
is the method adopted by Maupas. A pure culture of the organism 
to be tested is allowed to multiply freely in a rich culture medium; 
a large number of these are then transferred to a smaller container 
with enough of the original medium in wMch they had developed 
to make it unnecessary to add fresh medium. In this ^second con- 
tainer, conjugations will appear in from twelve to thirty-six hours 
provided a mixed population is present. In a similar way conjuga- 
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tioii tests are made at regular intervals in. all complete isolation 
culture work. Such tests have been made with Uroleptvs mobili^ 
every ten to fifteen days. 

The usual interpretation of this result is not very enlightening; 
it runs somewhat as follows: After abundant feeding and active 
division the large numbers of individuals produced soon exhaust 
the food, and hunger follows; conditions thus due to hunger result 
in conjugations provided the organisms are mature. Jennings 
(1910) qualified this general statement by emphasizing the necessity 
of a preliminary period of active multiplication in a rich food 
medium. “The cause of conjugation” he states, “is a decline; in 
the nutritive conditions after a period of exceptional richness that 
has induced rapid growth and multiplication” (loc. cit. p. 292). 
All experimenters since Maupas have used this method with more 
or less success and it appears to be empirically sound. Some 
observers however, interpret the phenomenon as due exclusively 
to such purely environmental conditions. Thus Chatton (1921) 
argues that inanition is indeed an “internal condition” but the lack 
of food which causes it is an external factor. “Inanition” he says, 
“is a condition which is practically all that is needled for conjuga- 
tion; it is an almost certain means of obtaining conjugations iivno 
matter what wild culture, and becomes tht; chosen technical means 
of producing them. In current theories, however, conjugation is 
regarded as independent of the external conditions, inanition playing 
only an occasional role” (loc. cit. VM), Yet, in a footnote (page 
135), Chatton very properly calls attention to the fact that condi- 
tions which call forth conjugations in nature do not cease after 
conjugation is ended. Indeed it is an unwarranted assumption to 
explain (conjugations in natun^as induced by a period of ri('h feeding 
followed by a period of lack of food, and this in turn rephweed by a 
rich nutrient medium useful to the ex-conjugant. To this extent 
the method employed in the laboratory to obtain conjugating 
pairs is ^ntirely artificial. Chatton ’s reflections and conclusions 
supporting the view that external conditknis are alone responsible 
for conjugation are included in his excellent description of the struc- 
tures, division, and conjugation of parasitic ciliates of the family 
Nicollellidce, particularly Nicollella and (UiUrnella. In the former 
the conjugating individuals measure approximately one-fifth of the 
vegetative forms; in the latter approximately one-half, in both types 
the conjugating individuals difler in morphological details from the 
vegetative forms. He interprets these changes as due to the 
particular part of the digestive tract to which the parasites are 
carried. Chatton’s perplexity and call for further experimental 
evidence in solving the raimn d*etre of conjugation is justified and 
the problem will probably remain perplexing so long as external 
conditions alone, are regarded as the controlling factors. 
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Of these external conditions other factors than the supply of 
food may, and apparently do, play a part. Enriques (1903, 1905, 
1909, etc.) has long maintained that the phenomena'of degeneration 
and senescence are caused at bottom, not by internal conditions 
but by external causes, apparently by the accumulation of bacterial 
products in the medium which poison the organism. Hance (1917) 
held that they are caused by the concentration of katabolic products 
derived from the organism and accumulated in the medium. 
Enriques also makes the statement that upon filte^ng the liquid 
in which conjugating forms are present and adding non-conjugating 
individuals to it, the latter will conjugate; on the other hand a 
similar liquid with non-conjugating individuals if filtered and 
used as medium for conjugating individuals, will act as a deterrent 
to conjugation, llepeated attempts on our part; with Didinium 
nasutum, Paramecium caudatum and Uroleptvs mohilis have failed 
utterly to confirm these results. There is more evidence for his 
conclusion that salts in the medium are necessary for conjugation, 
a conclusion based upon his experiments with NaCl, NaBr. and 
Nal in certain concentrations, on the ciliate Cryptochilum nigricans. 
These particular salts together with strong solutions (1 to 16,000) 
of /’aCIj and FejCI*, produced epidemics of conjugations, while 
weak solutions of the last two salts inhibited conjugations. Still 
more extensive experiments along the same line were made by 
Zweibaum (1912) on Paramecium caudatum. Dilute salts AlCla 
in particular added to the medium after a long period of rich feeding, 
followed by a period of hunger of five to six weeks (sic) produced 
almost complete epidemics. No salts at all, or very strong salts 
added to the medium caused no conjugations. These results are 
certainly suggestive but the experimfents should be repeated with 
carefully controlled material and with some other type than Paro- 
mecium. With this organism Hopkins (1921) failed to confirm 
these results. Some rather incomplete and unconvincing experi- 
ments by Baitsell (1912) may also be cited in this connection. Two 
lines of Styhnychia from the same ancestral cell, were cultivated 
on different me<lia; one line on hay infusion, the other on beef 
extract. Individuals of the former line refused to conjugate while 
those of the latter line conjugated. From this Baitsell concluded 
that the determining condition was the medium used. Calkins 
and Gregory (1914) found that in the same medium some lines 
would conjugate regularly while other lines from the same ancestral 
cell would not conjugate at all or conjugate only after nine months 
of continued culture (see also Hopkins, 1921). ’ 

A full consideration of the evidence that has accrued in support 
of the thesis that external conditions are alone responsible for the 
onset of conjugation leaves one with the same perplexity that 
troubles (l^hatton. Woodruff, and others and calls forth the same 
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demand for further experimental evidence. Indeed some embar- 
rassing questions based upon what we already know must be 
answered: If it^s environment alone what are the external condi- 
tions responsible for the formation of the gametes in (yoccidiomorpha, 
Gregarinida, Foraminifera and Phytomonadida? Or in the ciliates 
what is the explanation of the failure of external conditions to 
induce conjugations in some lines and not in others? Or why will 
the same external conditions fail with youthful forms when they are 
successful with .older (mature) forms? 

In practically any epithelium deeply infected with coccidia 
adjacent cells contain vegetative stages of the organism, agamont 
stages in reproduction, gametocyte stages of both Idnds, and nearby 
are zygote stages. If conditions of the infected host cell are respons- 
ible for the differeAt phases it must be a very delicate difference 
that calls out asexual reproduction in one and gamete formation 
in another, and all within the radius of a single field of the micro- 
• scope. If products of degeneration of an infected host cell cause 
gametocyte differentiation in one organism why do not the products 
of the cell next to it produce a similar effect on its contained organism 
insteacf of which we find the latter reproducing asexiially? The 
conception of external factors as the sole cause of protoplaswc 
changes leading to fertilization must be very elastic to cover such 
cases. Why are not all malaria parasites transformed into gameto- 
cytes if the blood is the determining factor? Pkutmodmm max 
taken into the gut of the mosquito should be transformed into 
gametocytes producing gametes instead of which only gametoc>i;es 
already formed produce gametes while aganionts are apparently 
digested; and in the blood of man or birds these gametocytes 
circulate with the vegetative forms and wdth aganionts. Surely 
in these parasitic forms, granted that external conditions may be 
provocative some internal condition of the organism nevertheless 
prefletermines the action of the environmental stimuli. 

With cilhites every experimentalist knows that in pure line w^ork 
conjugation tests are sometimes successful, sotnetimes not. Jennings 
(1913) noted this in different races of Paramedim; Woodruff for 
several years was unable to obtain a single pair from his famous 
culture of Paramedtim anrelia, although ultimately they did 
conjugate; Calkins and Gregory (1914) cultivating the first eight 
individuals from an ex-conjugant of P. caudatvrn in pure lines, 
found that conjugations were abundant in certain lines whenever 
a test was made, while other lines remained negative at every test 
until the race was many months old. Similar tests made with any 
series of Uroleptns mohilts, and by test we mean a period of rich 
feeding follow^l by hunger, is negative if the organisms are young, 
positive if the organisms are mature (Fig. 204, p. 491). All of 
these facts, and the literature contains many other similar cases, 
33 
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indicate that environmental stimuli are without efTect in producing 
conjugations unless the protoplasm is in a condition where such 
conjugations are possible. Indeed, when fully mature, i. e., 
when the protoplasmic conditions are just right for conjugation, 
union will take place in a rich food medium and without the tran- 
sition from full nourishment to hunger. This phenomenon is 
abundantly illustrated in the records of Uroleptns viohilis and in 
my records of Paramecium caudatumy Blepharisvia undulans, or 
of Didinium nasutum. There is little information as to the exact 
nature of these protoplasmic conditions prior to conjugation. 
Zweibaum (1922) gives good evidence to show that the quantity 
of glycogen in the cell is reduced to a minimum at this period, the 
large drops of neutral fat disappear while small droplets of another 
type make their appearance together with soirfe cholesterine ester 
and large quantities of what was interpreted as fatty acids. These 
are probably effects of inadequate food material, for the observer 
obtained similar results with Paramecia under conditions of starva- 
tion which were not followed by conjugation. 


n INTERNAL CONDITIONS AT THE PERIOD OF FERTILIZATION. 

In the last analysis both internal and external conditions play 
their respective parts in protoplasmic preparations for conjugation. 
Without external stimuli, without oxygen and food, vitality would 
soon cease; with them, vitality manifested by metabolism and 
reproduction will continue. With metabolism, however, the pro- 
toplasmic make-up is constantly changing and thcvse changes are 
showm by the general reactions and by the organization (see Chapter 
IV). According to Hertwig, 1908, Popotf (1908), and Rautmann 
(19(){1), the changes thus brought about lead to disturbances of the 
normal ratio of nucleus to cytoplfism (Kerni)lasmaverhaltnis) 
and lead to conjugations whereby the nonnal relatioirof nucleus 
to cytoplasm is regainal. Whatever the changes due to metabolism 
are in a given case the conclusion is forced upon us by the mass of 
evidence that given external conditions will provoke conjugations 
at one period of the life cycle and will have no effect in producing 
them at another period, while at the critical period of maturity 
external conditions may be entirely negligible as they appear to be 
in the Voccidiomorpha and in gamete-forming organisms generally. 
Here protoplasmic and not external conditions control the issue. 
There is some significance in the fact that encystment (with endo- 
mixis) is induced by the same external conditions as is conjugation. 
Mengheni (1913) found that Stylonychia will not e^icyst if food is 
abundant but that hunger and low temperature are necessary con- 
ditions. With Uroleptus mohilis conjugation and encystment tests 
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are made in exactly the same way and in some tests conjugating pairs 
and encysted forms are present simultaneously. 

In the case of I \oleptus rnnhUia a mass culture of young individuals 
shows no tendency to agglomerate, the cells are distributed more or 
less uniformly in the culture. In similar mass cultures of individ- 
uals approaching maturity agglomeration in dense groui)s is highly 
characteristic. Such cultures may show no conjugations, but a mass 
culture made with the progeny of tlie same individuals a week later 
will show not onjy the initial agglomerations but epidemics of con- 
jugation as well ((^alkins, 1919). 

This phenomenon of agglomerations indicates something of the 
nature of an attraction that increases in intensity as the organisms 
approach maturity and have a bearing on the problem of mating. 
What is it that brin^ two gametes together, or two apparently simi- 
lar ciliates? There is some evidence that the attraction is of a 
chemiotactic nature as illustrated by the often (pioted experiments 
mi Pfeiffer with malic acid and fern spermatozoids. Two citations 
from Engelmann (1870) may illustrate this phenomenon with ciliates 
of the genus VortireUa : ‘‘The buds, at tlu* beginning, swarmed 
about \\Tth constant and considerable rapidity rotating the while on 
their axes but moving more or less in a straight line througli tlu* 
drop. This lasted from five to ten minutes or even longer without 
any sj)eeial occurrence. Then the scene sTuldenly changed. Hap- 
pening in the vicinity of an attached Vortirella a bud quickly 
changed its direction with a jerk and a])i)roache(l the larger form, 
fluttering alxnit it like a butterfly over a flower and gliding over its 
surface Jiere and there as though tasting. After this play, rc‘i)eated 
upon several individuals, had gone on for several minutes, the bud 
finally became firmly attached.*^ Again: “I observed another per- 
formance still more remarkable. A free-swimming bud crosstxl the 
j)ath of a large Vnrtivella which had become fr(»e from its stalk in the 
usual manner and was roaming about with great activity. At the 
instant of tl«‘ meeting, there was no trace of a pause, the bud sud- 
denly changed its dir(*ction and followed thip VoriicvUa with gnvit 
rapidity. It developed into a regular chase which lasted about five 
seconds during whicli time the laid remained about of a milli- 
meter behind the Vorticrlla although it did not become attached 
for it was lost by a sudden side movement of the larger form” 
(loc. cit., p. 583). Another illustration taken from the* observa- 
tions of Schaudinn (1900) on the mating of gamc^tes of Efmeria 
schvbergi, suggests an action analogous to tliat of attraxin as 
described by F. R. Lillie in sea-urchin eggs. During the matura- 
tion of the macrogametc of Eimeria svhuhergi, the “karyosome” is 
cast out of thc^ nucleus breaks into fragments and tin? fragments 
are extruded from the cell, remaining however, attaclnxl to the 
periphery. The microgametes swim aimlessly about and arc not 
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attracted to the macrogamete until after these fragments are 
eliminated, but as soon as the granules appear on the surface the 
microgametes move toward them in the most dire'ct path (loc. cit., 
p. 257). Zweibaum (1922) observed that the glycogen content is 
fundamentally different in the two individuals of a conjugating pair 
of ParameckiTn, which may be significant in this connection. 

While chemiotaxis may underlie the phenomena described above, 
an equally intelligible interpretation might be drawn on the basis 
of differences in potential of a magnetic nature. T^vo individuals 
of Uroleptns niohilis about to conjugate, circle about one another, 
twist and turn but do not become separated; finally they become 
lightly fused by the extreme anterior parts of their peristomes and 
the zone of fusion ultimately extends about half way down the peris- 
tomes. In the early stages, as with Paramecium, the two individ- 
uals can be separated without injury to either (‘'split pairs”) but 
later the two protoplasms are welded into one, forming a proto- 
plasmic bridge between the individuals. Experiments in cutting* 
apart the two fused individuals have shown that immediately 
after contact and initial fusion the complete series of maturation 
divisions proceeds as though the separated individuals were still 
in. conjugation (Calkins, 1921 ) and similar cutting at any time during 
the period of conjugation, does not alter the course of the internal 
and consecutive processes. Ultimately reorganization of the 
individual follows in due course and the subsequent happenings 
are exactly like those of an ex-conjugant. These experiments 
indicate that the phenomena of maturation and of reorganization 
which characterize fertilization in Uroleptus mobilis are of the nature 
of an "all or none” series of reactions and when once started they 
go through to the end without deviation. It also appears that the 
stimulus which sets in motion this chain of processes is received at 
the time of initial contact and is mutually received by both con- 
jugating individuals. It thus appears to be less of a chemical 
reaction than a physical one and has many of the attributes of a 
surface contact phenofnenon between surfaces of different electrical 
potential. 

m. THE PROCESS OF FEBTIUZATION. 

The actual process of fusion, with the exception of fertilization by 
conjugation, furnishes little material for descriptive purposes, two 
cells f!V>me together and fuse, probably with cytolysis of the contig- 
uous cell membranes. In hologamic forms of ciliates (e. g,, in 
Balantidiuvi coli according to Brumpt) which are extremely rare, 
two individuals come together as in f>seudo-conjugation of gre- 
garines; they secrete a common cyst membrane^ and then fuse 
completely. \ ' 

In isogainic and often in anisogamic fertilization, fusion begins 
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as a rule with union of the flagellated ends, if the gametes are motile 
as in Scytomon^,. PolyUma, Polystomella and gregarinos, etc. 
(Fig. 96, p. 211;. In Actinophrys sol (Fig. 209) according to 
BSlaf, one of the fusing individuals develops a pseudopodium which 
unites first with the other cell. 



Fia. 213. — Cycloposlhium hipalmaium and Diplodmiym triloricatym; conjuKation. 
At Cycloposlhium with the two migrating pronuclci in the chain bor forniorl by the 
two peristomial spaces; same, the two migrating pronuclei have passed from the 
^jcristomial chamber into the gullets; C, IHplodiniumt with migrating pronuclei in 
the peristomial chamber in their passage from one individual to the other; p, pro- 
nuclei. (After Dogicl.) 

• 

' With anisogamic fertilization the microgamete is usually motile, 
the macrogamete is stationary and is sought by the microgamete 
and the same is true also* of oogamic fertilization. In some cases 
the macrogaipete is smaller than the migrating microgamete 
(Fig. 183, p. 427). In the Vortieellida the macrogamete remains 
attached while the microgamete is free-swimming. 
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111 hologainous fertilization liy conjugation there is no universal 
mode of fusion. In the majority of ciliates witl} adoral zones the 
fusion area is usually the anterior region of the peristomial furrow, 
the mouth as a rule being involved {e, g., Fig. 213). In exceptional 
cases the mouth itself is involved in the protoplasmic bridge between 
the two conjugants {Paramecium sp. Didinium nasutimi, S'pathidium 
spathula). In Stentor fusion is lateral. Dogiel (1923, 1925), 
describes an interesting case of conjugation in Cyvloposthium 
bipalmatum. Here the two individuals are united end to end, fusion 
occurring at the borders of the peristomes, leaving the membranelles 
of the adoral zone intact in a common conjugation cavity (Fig. 213). 
The wandering pronuclei are provided with tails and, spermatozoa- 
like, break through the anterior wall and into the conjugation cavity 
from which each enters the other conjugant by way of the mouth. 

A Meiotic Phenomena.— In relation to the union of cells in fer- 
tilization the meiotic phenomena may be divided into three types: 
(a) Conjugant ineiosis, or maturation processes occurring only 
after union of the participating cells; (b) gametic mciosis (Wilson) 
or types in whi(;h the maturation processes are antecedent t^^» union ; 
and (c) zygotic meiosis (Wilson) characteristic of forms in which 
irteiotic divisions occur in the zygote subsequent to the fusion of the 
nuclei. The first of these is illustrated by conjugating Infusoria; 
the second by the great majority of types in which fertilization is 
accomplished by permanent fusion of gametes; and the third by a 
few known cases among the Sporozoa and in the flagellate 
Chlamydovionas. 

(a) Conjugant Meiosis.— In mature ciliates the protoplasmic 
organization is su(?h that tlie stimulus received on contact is appar- 
ently all that is needed to start up the nuclear activities associated 
with the phenomena of chromosome reduction and preparation of 
the pronuclei. These activities furthermore, have to do almost 
entirely with the inicronuclei. Macronuclei take no part in the 
process of fertilization but are important in the subsequent reor- 
ganization. 

With one or two exceptions ( Travhdaccrca phcBnicopternSj 
Spirostomum ambiguum, etc.) all of the free-living ciliates thus far 
described agree in the general course of their maturation pheno- 
mena. Maupas (1889) the first to make a comparative study of 
dift’erent ciliates during conjugation, described eight successive 
phases of the process which are still applicable to practically all 
ciliates. Of these, Phase A, is characterized by the swelling and 
early changes of the micronucleus; Ph{\se B, is the period of the 
first meiotic or maturation division; Phase C, the period of the 
second meiotic, division; Phase 1), the third nuclear division result- 
ing in the formation of the pronuclei; Phase E, the period of in- 
terchange and union of pronuclei; Phase F, the period of the 
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first metagamic nuclear division; Phase G, of the second meta- 
gamic division and Phase H, the period between the second 
metagamic nucWar division and the first division of the reorganized 
cell. 

The first four of these phases have to do with the phenomena of 
maturation, the last four with the process of reorganization of 
the individual. In Trachelocerca lihcenicaptervs this succession of 
stages according to I^bedew (1908) is entirely absent and fertiliza- 
tion follows quite a different course (page 375). Also in Euplotvs 
charon and Evplotes patella according to Maupas there is a slight 
variation in the usual sequence in that an anomalous, additional 
or preliminary division of the micronucleus takes place in each 
conjugant prior to the first of the tw'o maturation divisions. In the 
Peritrichida also a similar preliminary division occurs but in these 
cases it is limited to the microgamete, the macrogamete following 
the usual history {Vorticclla monilata, V. nebvllfera Maupas; 
Carcliesiuvi polypinnm Maupas, and Popoff, 1908; Orphrydiwn 
versatile Kalteribach, 1915; and Oj)ercitlana coarctata Knriques 
1907). In the Ophryoscoleckhe according to Dogiel (1925) similar 
progahious nuclear divisions are followed by division of the cells 
resulting in much smaller conjugating individuals. 

If more tlian one micronucleus is normally present in the ciliate 
the first meiotic division usually takes place in all of them and the 
second <livision may occur in all, or one or more of the products 
of the first division may bo absorbed in the cell. Some multiple 
micronuclei have been described in (conjugating forms of Parameciuvi 
aurelia (Ilertwig, 1<S89), Onychodrovms grandis (Maupas, 1889) 
Stylonyvhia pvstulata (Mauj)as, 1889; IVowazek, 1899) and Oxytrivha 
fallax (Gregory, 1923) each ioidividual having 2 micToniKclei. Two 
or 3 micronuclei are present in conjugating JXidiniim iiasutum 
(Praiidtl, 1900); 2 to 4 in Uroleptm viohilis (Galkins, 1919); 4 or 5 
in lilepharisma imdnlaas (Galkins, 1912) and 10 to 18 in Hnrsaria 
tnnicatelh (Prowazek, 1899). 

1 . Phase A . The Prophase Stages of the Jf irst M eiotiv IHrision, — 
In many ciliates in wliich the history of maturation has lM‘(»n follow(*d 
thenc is very little to distinguish the first meiotic mitosis from the 
usual vegetative divisions beyond a slight swelling of the micronn- 
cleus, fragmentation of its homogeneous chromatin and formation 
of its chromosomes. This appears to be the (case in Loxophylbnu 
vieleagris (Maupas, 1889), Spirostormm teres (Maupai;, 1889), 
'Euphtes patella (Maupas, 1889), Colpidinvi colpoda (Iloyer, 1899), 
and in Hlepharisvia vndulans (Galkins, 1912). In tlic ciise of 
Colpidhm colpoda. Hof€*r (1899) described a typical tissue-cell 
spireme but this is so exceptional among ciliates that it cannot be 
accepted without confirmation. 

In the majority of (‘iliates this first meiotic mitosis is markedly 
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different from somatic mitoses. In different species of Paramecium 
{caudatum, aurelia and bursaria) a typical prophase stage occurs 
in the form of a crescent derived from the homogenedus micronucleus 
which first draws out in the form of a long cylinder (Fig. 214). 
In Chilodon uncinatua the micronucleus draws out into a long comma- 
shaped bdnd and in Cryptochilum nigricans (Maupas, 1889) Vorti- 
ceUa monilaia and Vorticella nebulifera (Maupas) and in Opercularia 
coarctata (Enriques, 1907) a similar chromatin rod extends in some 
cases the entire length of the cell. 

Still another type of prophase, the “candlelabra” (Collin, 1909) 
or “parachute” nucleus (Calkins, 1919) is found in ■Onychodromua 
grandis (Maupas), Bursaria truncatella (Prowazek, 1899), Didinium 



Fig. 214. — Micronucleus of Paramecium caudaium in the prophascs of the first 
meiotic division. Early stage in the formation of chromosomes; B, elongation of 
the nucleus prior to crescent formation; C, metaphaso of the first division. Dehorne 
describes the entire chromatin aggregate as forming one highly convoluted chromo- 
some. (After Dehorne.) « 

nasvtvm (Prandtl, 1906^, Anoplophrya branchiarum (Collin, 1909) 
Oxytricha fallax (Gregory, 1923) and Uroleptus mohilis. In these 
cases the nucleus swells to two or three times the usual diameter 
with the compact chromatin at one pole (Figs. 3G, 227). In t/rofep- 
tvs mobilis there is an endobasal body within the nucleus; this 
divides, one-half passing to the periphery of the nucleus at the pole 
opposite the chromatin mass while the other half remains with the 
chromatin (Fig. 36). The distal c’entrosome is the focal point 
of the spindle fibers which spread out from it to the fragmenting 
chromatin mass and forms one pole of the mitotic spindle. 

In the transformation of the crescent type of propBase Maupas; 
Hertwig and Hamburger all agree that the spindle is formed by the 
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shortening of the long axis of the crescent, (’allcins and ('nil 
(1907) and Dehwne (1920), however, find that the divisitni center 
or achromatinic^substance which forms the poles of the spindle 



Fig. 2\h.— Paramecium caudal um; At Ji, C, stn^os in' the first ineiotie diviMirin 
/ during conjugation; D, prophasc of second nieiotii; diviiiffnn. (After ('alkiiis and 
f Cull.) 


migrates from, its apical position in the crescent to the center of 
the convex side, and that this new position marks one pole of the 
spindle (Fig. 215). 
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In the parachute type the second pole is formed by the outgrowth 
from the chromatin mass, of a second pole similar to the first, the 
chromatin granules thus being left in the nuclear plate position or 
center of the spindle figure (Fig. 36, p. 78). 

2. Ph(»se B. The First Meiotic Ditmon.— Exact knowledge 
of the formation of chromosomes and their division is scanty, due 
in part to the large number of chromosomes and to their small size. 
Maupas (1889) made no attempt to enumerate the chromosomes ; nor 
did he describe their formation beyond the brief .account of the 
fragmentation of the homogeneous chromatin masses of the micro- 
nuclei. Hertwig (1889) believed that there were 8 or 9 chromo- 
somes in Paramecium aurelia basing his view not on the chromo- 
somes but on the number of fibers which he could distinguish in 
the connecting strand between the two daughter nuclei. Later 
observers have found that the number in all species of Paramecium 
is much greater than this running up to more than one hundred. 
Dehorne (1920) on the other hand, finds no chromosomes at all,* 
the chromatin being in the form of a continuous single looped 
thread which divides by transverse division (Fig. 214. Cf. Fi|f, 215). 

In more favorable types of ciliates than Paramecium the number 
of^chromosomes has been made out with some degree of accuracy. 
Prandtl (1906) found 16 in Didinium nasutum (Fig. 216). Prowazek 
(1899) was a little in doubt whether there were 12 or 13 in the 
nuclei of Bursaria truncatella, but described 6 chromosomes in 
Stylonychia pustulata, Stevens (1910) described 4 chromosomes in 
Boveria subcyclindrica but gave no details of their formation or 
reduction. Enriques (1908), confirmed by MacDougall (1925) 
found 4 in Chilodon undnatus; Popoff (1908) 16 in Carchesium 
polypinum; Enriques (1907), the*same number in Opercularia 
coarctata, and Collin (1909), 6 chromosomes in Auophphrya bran-- 
chiarum. 

Hamburger (1904) is a bit hazy in her account of the origin of 
the chromosomes in Paramecium bursaria. The late stage in the 
crescent is regarded by\ier as a spireme from which the chromosomes 
are formed as short curved or V-shaped rods. Calkins and Cull 
(1907) found that the chromosomes of Paramecium caudatum are 
derived from a synezesis stage which precedes the crescent and that 
the chromosomes are already divided at the stage which had 
generally been regarded as the metaphasc. According to this 
account the metaphase stage occurs during the metamorphosis 
of the crescent into the spindle so that the latter when formed is 
in the early anaphase stage (Fig. 215). Dehorne (1920) thinks/ 
these chromosomes are due to cutting of the coiled thread by the ' 
knife. , . 

In other ciliates the chromosomes are formed by the union of 
chrombmeres which are derived by fragmentation of the homogene- ? 
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ous chromatin of the resting micronucleus. The process is com- 
pleted at the jgarachute stage and the definitive number is present 
by the time the second pole of the spindle is completed. In ( >o/e/;- 
tus vwbilis when diflusion of the granules has apparently reached 



Fio. 21Q.—Didiniuin nastUunit section of conjugating individuals. 8o«)nd meiotic 
• division of the nuclei (P). (Original.) 

its limit, there are frotrf 24 to 28 chromomeres (Fig. 36). Prandtl’s 
figures sho\^ that there are approximately .32'in Didinium naavtum. 
Enriques (1908) and Collin (1909) have described a similar frag- 
mentation of the comma-shaped chromatin rod of ChUodon uncinatua 
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and of the Homogeneous chromatin mass of Anoplophrya bran- 
chiarum, the granules of chromatin collecting in the center of the first 
maturation spindle. In Didinium, ChUodon ancl Anoplophrya 
these granules fuse until a definite number of chromosomes result— 




Fig. 217 . — Chilodon uncinalua. Third division and interchange of nuclei of diploid 
* (A) and tetraploid (B) stock. (After MacDougall.) 

16 in Didinium, 4 in Chilodon (8 in the tetraploid form found by 
MacDougall, 1925), and 6 in Anoplophrya' In Uraleptua a similar 
fusion of granules results in 8 chromosomes (Fig. ,36, p. 78). 
Kofoid and Swezy (1919) described the lateral fusion and reduction 
in number of chromosomes from 52 to 26 in the vegetative division 
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(?) of Trwhonymphu campanula. This is incomprehensible on any 
interpretation of these nuclear elements as chromosomes in reduc- 
tion but may fce explained as pseudo-reduction and without any 
connection with meiosis. 

In few ciliates in which the number of chromosomes can be 
counted, does this first division result in reduction to one-half the 
number. Gregory (1923) gives evidence that this is the case in 
Oxytricha fallax and MacDougall in Chilodon uncinatvs (Fig. 217). 
In Parameci'nvi the chromosomes are short rods too numerous to 
count. According to the earlier view in regard to the origin of 
the first spindle from the crescent it was generally assumed that the 
first division is transverse. The rods are double, however, when 
formed and the first division is evidently the separation of the.se 
two parts, but whether or not it is a reduction division cannot be 
determined. According to Dehorne (1920) there is no reduction 
at any stage as there are no chromosomes. 



Fia. 2\ii.— Urolcviu8 tnohUiH. The second ineiotic division and reduction in numljcr 
of chromosomes during conjugation. (After Calkins.) 

t 

3. Phase C. The Second Meiotw Division.— Vnov to Prandtrs 
work on Didinium there were no conclusive olwcrvations on the 
reduction of chromosomes in ciliates. He found that the ](} 
chromosomes characteristic of the first maturation division become 
reduced to 8 with the second division. Since his work ai)peared 
there have been a number of authentic observations along the same 
line. Thus Enriques (1907) found a reduction in nupjber from 
•16 to 8 chromo.somes in Opercularia coarctata and the .same oKserver 
(1908) described a reduction from 4 to 2 in Chilodon uncinatvs 
(Fig. 217), reduction owurring at the second division. Other cases 
of the same type are Carchesium polypinum (Popoff, ]{-08) with 
reduction from 16 to 8; Anoplophrya hranehiarurn (Gollin), from 
6 to 3; and Uroleptus (Calkins 1919) from 8 to 4 (Fig. 218). In all 
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cases the second meiotic division appears to be unaccompanied 
by any of the preliminary activities which chara(!terize the first 
division. In some the nuclei do not return to a resting condition 
between the two divisions but in other cases, e, g., Chilodon 
. (MacDougall, 1925) the second spindle forms from a resting nucleus. 

In ciliates with a multiple number of micronuclei the number par- 
ticipating in the second division appears to bear no constant rela- 
tion to the number derived from the first division. In cases having 
but one micronucleus in the vegetative stages the mimerical rela- 
tions are fairly constant, two spindles in the second meiotic division 
being the rule. There are, how^ever, some exceptions. Thus in 
Paramecium hursaria according to Hamburger (1904) one of the 
nuclei formed by the first division degenerates without forming a 
spindle so that only one nucleus undergoes the se(?ond division. 
Other exceptions are found in Euplotes jjatella in all VorticeUidee 
and (IphryoscolecidoB examined up to the present time. Here the 
micronucleus undergoes one or more i)reliminary mitoses prior to 
the first meiotic division. In Vorticellidw this unusual division 
occurs only in the microgametc while the macrogamete follows the 
usual history of uninucleate forms. ^ 

In j:‘iliates with two micronuclei both undergo the first maturation 
division. According to Prowazek (1899) the 4 resulting nuclei of 
Stylouyehia jnuttvlaia divide again thus forming 8 products at the 
second division. According to Maupas (1889), however, 2 of the 
first 4 nuclei of Styhnychia j^ustulaia, and of Onychodrovius grandis 
as well, degenerate so that only 2 second maturation nuclei arc 
formed. Gregory’s (1923) observations indicate that a variable 
number take part in the second division of (hyirivha faUax. 

In forms with many micronuclei iif the vegetative stage there 
seems to be no general rule as to the number which undergo a 
second division. Prandtl found a variable number in IHdiniinv 
nasuium\ Prowazek a large number in Hursaria trunvatvlla, and 
Galkins a variable number in Vroleptus viohilis, while f and 4 
nuclei are rarely found, 2n)r 3 are characteristic. 

In summing up the accumulating evidence on meiotic phenomena 
in the ciliates the conclusion may be drawn that the history in the 
main is similar to the history of rneiosis in Metazoa. ( 'hromosomes 
of definite number are characteristic of each species and this number 
is reduced to one-half during one or the other of the two divisions. 
There is tke same difficulty with these Protozoa that is encountered 
with Metazoa in regard as to which of the two divisions is the 
reduction division in the sense of separation of whole chromosomes. 
The important fact is that the number of chromosomes is halved; 
it is less important, indeed relatively unimportant, to know which 
of the two divisions actually brings it about. 
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4. Phase D. The Third Division. Pronvclei Formaiwn.—A 
third division of the nuclei subsequent to reduction in number of 
chromosomes is characteristic of all eiliates in which fertilization 
has been carefully studied. It is extremely difficult to interpret 
this final division which gives rise to the pronnclei (see infra p. 542). 
In the majority of cases it appc'ars to be a transverse division which, 
if judged by Metazoa, would make it a second reduction division. 
One of the products is a wandering pronucleus which migrates, 
the other is a stationary pronucleus which ultimately fuses with the 
migratory pronucleus from the other individual. There is some 
evidence that the migrating pronucleus is equivalent to a spermato- 
zoon (l)ogiel, 1925). 

The third division spindles are always characteristic and diH'erent 
from the spindles of the meiotic divisions. Not only arc they fre- 
quently heteropolar, but the late teloidiase state is characterizc'd 
by long connecting strands of nuclear substance (Fig- p. 71). 
• There is no uniformity in regard to the number of nuclei to undergo 
this third division although only one of the dividing nuclei provides 
the two functional pronuclei. Anoplophryo hrancinnrmn, Para^ 
meciuiR cnndaUwi, Chilodon vncinatvs, Coljridimn colpoda, 
phrys patvia, (jllavcoma sciniillans, LoxophyJhm vielragris, Sjnrn^ 
stoimm teres, linrsaria trvncatella, Blepharisinn imdtdans, liorPria 
svbcyUndrica, Lionotvs fasciola, and in the Vortirellidw, only 1 
nucleus undergoes this third division. In Onychodrovms yrandis 
Siylonychia pvsUdaia, and Eirphtes patella, 2 mich'i, in Oxytricha 
fallax (Ciregory) 2 or and in IJroleptvs mohilis, 2, or 4 nuclei, 
undergo the third divi.sion. 

Prandtl (1906) was the first to note a diflerencc in size hctwc^en 
the wandering and the statioaary pronuclei ( Didlnlum nasntam), 
(^alkiiis and Cull (1907) described a similar dift’ereiice in pronuclei 
of Paramerinm randatuvi and were able to trace this diflen^nce back 
to a heteropolar third division spindle. In other easels there seems 
to be no characteristic ditt'erence in size between the two pronuclei 
although other differences may be evident. Thus Maupas noted 
the presence of a dense aggregate of cyto})lasmi(! granules at the 
forward pole of the advancing pronueleus of Evplotes patella and 
Prandtl, more pronounced astral radiations about the wandering 
pronueleus of Didinivm nasatvin. In Vroleptvs mohilis such 
radiations are absent but a fairly homogeneous condensed ^‘sphere” 
of cytoplasmic substanc’e precedes the wandering pronueleps in its 
migration. (Fig. 219). 

What is the significance of this third division? The answer can 
be only speculative at the present time. The absc'nce of definite 
chromosomes^in some cases, e. g., Paraiueciim, and the occriirrence 
of heteropolar mitotic figures lend some sujiport to the view that it 
is a differential division whereby male chromatin, as suggested 
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by Schaudinn (1904) is separated from "female” chromatin, the 
balance between the two being established by union of the wandering 
and the stationary pronuclei. Such an hypothetidtl balance would 
be maintained if there were no interchange of pronuclei and the 
third division does not take place, a condition realized in what 
Woodruff and Erdmann (1914) called endomixis (see p. 540). 
Experimental evidence leading to definite ctmclusions has not yet 
been advanced. Calkins (1921) made an attempt in this direction 
by cutting conjugating pairs of Uroleptus mobilis in such a way that 



Fia. 219. — Urolcptus mobilise cunjuKation. The interchange of pronuclci, each 
preceded by a characteristic attraction spliere.” (After Calkins.) 

the two migrating pronuclei were removed while the two individ- 
uals, now separated, possessed only the stationary pronuclei (Fig. 
220). These individuals were then followed in cultures, the process 
of reorgjinization was completed, the cells regenerated perfectly, 
and in successful issues, normal rejuvenescence and a typical life 
history resulted. The crucial point, so far as the present matter 
is concerned was not determined, viz., froiR what elements were the 
new macro- and micronuclei derived? Did the stationary pro- 
nucleus in its “unbalanced” condition give rise to the new nuclear 
elements as it would have done were it an amphinucleus? Was 



PHENOMENA ^ACCOMPANYING FERTILIZATIOlf 529 


there a fusion prior to the degeneration of other pronuclei of the 
stationary pronucleus with one of the “male” pronuclei of which 
there may be as fnany as four in each conjugant? Or did the sta- 
tionary pronucleus degenerate, its place being taken by one of the 




Fio. 220. — UroleptiiE moMlis, cut Hiiring coiijuKatioTi as indicated. In this case 
the conjuKanta were in the prophaw* 8tai|i;e of the first meiotic diviaion. PXI 
history of rcortsanizatioii without fertilization. (After C/ulkins.) 

•# 


other pairs of pronuclei? Some evidence that the last alternative 
was the case is afforded l).\; the fact that the conjusatiiiK pairs if cut 
apart at an early period in conjugation do not undergo the third 
division, someA^me of the products of the second division acting as 
an ainphinucleus, thus realizing the condition during ‘‘endoniixis/’ 
34 
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(6) Gametic Meioais (Wilson, 1925).— In the preceding section 
instances of meiotic divisions subsequent to cell fusion were inter- 
preted as due to stimuli mutually imparted ta- the conjugating 
individuals. For this the protoplasm must be in a mature condition, 
that is, with an organization considerably modified from that of 
the young or immature organisms. In a later section evidence is 
given which indicates that under proper conditions the stage is all 
set for a similar all or none series of phenomena without however, 
the stimulus of contact (see p. 540, cndomixis). The latter con- 
dition termed here gametic meio.sis if accompanied by the cell 
fusion of gametes, is characteristic of the majority of Protozoa 




A C 


B < D 

Fig. 221. — Actinosphcerium eichhornii. A, two gametes (“cystospores No. 2”) 
resulting from the division of the same mother-eell ; B, both polar bodies” are 
formed in the right gamete, the second one forming in the left gamete; C, the cell 
bodies of the gametes have fused, and the nuclei are fusing; D, young organism leav- 
ing cyst; p, p', p*, ‘‘polar bodies.” (After Hertwig.) , 

in which fertilization is accomplished by the fusion of cells. Unfor- 
tunately the history of the chromosomes is known in but few cases 
but there is scarcely a paper on the fertilization of Protozoa that 
does not describe two rapidly-following divisions of the nuclei 
prior to fusion, and these are called maturation divisions, and the 
resultifig nuclei '‘reduction nuclei.’’ In Actinos'phwrium eichhornii 
according to Hertwig (1898) the first evidence of the process is 
encystment of the adult organism and excretion of waste matters 
contained in the protoplasm. The nuclee are reduced in number to 
from 5 to 10 per cent of the original number by fusion and absorption 
in the protoplasm. The cell then divides into as hiany daughter 
cysts as there are nuclei and these Hertwig calls cytospores No. 1, 
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each of which secretes a gelatinous envelope about itself. The 
nucleus then divides by mitosis followed by division of the cell into 
two daughter cellfc which he calls cytospores No. 2. The nuclei of 
the latter undergo two successive ‘"maturation” divisions resiilting 
in one pronucleus and two ""polar bodies” in each (Fig. 221), the 
latter degenerating and disappearing. The two cytospores of the 
second order now unite again, reforming cytospore No. 1 and 
fertilization is completed by fusion of the pronuclei (Fig. 221). 
BSlaf quite recently (1922) has given a more complete description of 
the process in fhe allied form Actmophrys sol. The individuals 
draw in their ])seudopodia, ordinary vegetative division of the 
nucleus follows, and the cell divides into two. By this division 
which Bfilaf terms the ""progamous” division, the two gametes 
are formed and after each of them has \uidergone two meiotic 
divisions of the nuclei they reunite to form the zygote. One of 
them anticipates the other in these divisions and develops a i)seudo- 
podial process whi('h the other lacks. By this process the first 
fusion of the two cells takes place. The original cell thus is a 
gamont and the fusing gametes are sister cells, one of which shows 
an incipient sex difference in its’ precocious activity and by its 
pseudopodium-like process. (Fig. 209, p. 501). There are -14 
chromosomes in the vegetative mitoses of Actmophrys sol and after 
the progamous division the gametic nuclei swell, chromosomes 
arrange themselves in pairs (parasynapsis) oriented towards one 
pole of the nucleus. These double chromosomes shorten and 
ultimately form the nuclear plate of the first meiotic spindle. Here 
the two parts of the double chromosomes are separated and pass to 
the resulting nu<*lei each of which thus has 22 single chromosomes. 
A second meiotic division resultsin the longitudinal splitting of these 
22 chromosomes so that the pronuclei and the two ‘"polar bodies” 
in each gamete have 22. ()ne of the products of each division 
degenerates ancl is absorbed in the cytoplasm, and these are com- 
pared with ihe polar bexlies in Metazoa. The two gametes then 
fuse, their nuclei fuse and the zygote becomtui encysted (Fig. 209). 
In this case the chromosome cycle is remarkablj'^ similar to that of 
chromosomes of the metazoan egg ainl sperm in their maturation 
divisions. 

Analogous i)rocesses may take place in other types of Protozoa 
in which fusion of gametes occurs, but the chromosome history is 
known in but few cases. In Gregarinida there are sevend pro- 
gamous divisions of the gamonts the last of which according to 
Mulsow’s (1911) observ-ations of Monocysiis rostrata being a reducing 
division wliereby the chromosomes are reduced in number from 
8 to 4 (Fig. (53, p. 122). 

(c) Zygotic Meiosis (Wilson).— Heduct ion in number of chromo- 
somes subsequent to nuclear fusion of gametes o(*curs in rare 
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instances but the phenomenon may be more widely spread than is 
at present admitted. Two well authenticated cases are the coccidian 
Aggregata ebertki and the gregarine Diphcyslw itshneideri. Dol^ll 
(1915) describes 6 chromosomes in the vegetative divisions of 
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Fio. 222. —Chromosomes of AggregcUa eberihi. Letters a to /, or o' to /'designate 
the haploid groups. A, prophasc of the first division (male); nuclear plate of 
same; C, anaphase groups at first division; chromosomes in macrogamete nucleus 
before fertilization ; F, chromosomes in zygote nucleus (diploid) ; (7, paired chromo- 
somes nuclear plate of first zygote division; //, early anaphase groups of first zygote 
division, and separation of homologous haploid groups. (After Dobell and Jameson.) 

Aggregata ebertki and Jameson (1915 and 1920) describes 3 in 
Diplocystis schneideri (Figs. 222, 223). These munbers remain 
constant in both organisms during gametogenecsis, the mature 
gametes have the same numbers while the diploid numbers 12 and 
6 are present only in the zygotes (Figs. 222 and 223). With tiie 
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first division of the zygotes the two sets of chromosomes unite 
in homologous p^jirs; in Aggregata 1 pair consists of long chromo- 
somes, 1 pair is very short and 4 pairs are intermediate in length 
(Fig. 222). The nuclei resulting from this first metagamic division 
have 6 chromosomes each in Aggregata and 3 each in THp- 
lo^stia and these haploid numbers are retained throughout the 
vegetative cycles. 

The generalization made by Dobell and Jameson to the effect 
that this method of reduction is probably universal among the 
Telosporidia is hardly justified by these two cases. Few species 
indeed have been studied with respect to the reduction of chromo- 



Fig. 223 . — Diplocystis schneideri. Zygotic moiosis. A to K, nucleus of the zygote 
forming 6 chromosomes (the diploid number), and the first metagamic division; F, 
anaphase of the sixth progamous division preparatory to gamete formation, with 
3 longitudinally split chromosomes, the haploid number. (After Jameson.) 


some number and only one— Monocyfttw rostrata—hy Mulsow 
(1911), with sufficient care as to cytological detail to be admitted, 
and here as stated above, reduction occurs with the final progamous 
division of the nuclei. Dobell and Jameson would explain this 
divergent case as due to confusion by Mulsow of stages of two dif- 
ferent gregarines one with 8 the other with 4 chromosomes, but 
before sweeping away a difficulty in this naive manner it would be 
well to reexamine Monocystis rostrata in the light of the more recent 
work. Evidence in suppoit of Dobell and Jameson’s generalization 
is furnished by^he fact of the frequent occurrence of an odd number 
of chromosomes in nuclei of different gregarines. Thus 5 chromo- 
somes were found by Shellack (1907) in Echirumera hispida and 
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the same odd number by I4ger and Duboscq (1909) in Nino, 
gracUia; while 3 were found by Shellack in Monoaf/atia omta (1912). 
Such odd numbers are not difficult to interpret if reduction takes 
place at the firat metagamic division but they lead to questionable 
hypotheses of "odd chromosomes” (L5ger) “accessory chro- 
mosomes,” etc., if reduction is interpreted as taking place prior to 
fertilization. IWiuboukoff’s (1914) account of reduction in the 
macrogamete as occurring either before, during or after fertilization 
in Stenophora juK is unintelligible under either int^pretation. 

Apart from Sporozoa the only evidence of zygotic meiosis in 
Protozoa is given by Pascher’s (1916) account of Mendelian segre- 
gation in Chlamydomonaa. This evidence is not cytological but 
is furnished by the make-up of the Fj generation (see p. 577). 

3. Metagamic Phenomena . — While the meiotic processes are 
probably universal accompaniments of fertilization they do not 
comprise all of the phenomena taking place at this period. Evi; 
dences of disorganization are apparent in the cell quite independent 
of the gametic nuclei. Metagamic activities involving reorganiza- 
tion of the protoplasm are equally characteristic of the fertilized 
^11 and lead to the production of young organisms with full potential 
o^vitality. Disorganization and reorganization, although probably 
closely related, are different in character and will be discussed 
separately. . 

B. Disorganisation and Beorganisation.— (a) Phenomena of Dis- 
organiiation.— The destruction of the old macronucleus in Infusoria 
is one of the most significant of the phenomena attending conjuga- 
tion (Fig. 206, p. 496). Here is an organ of the cell which is generally 
regarded as intimately connected yith metabolic activities of the 
organism; which has functioned throughout vegetative life of the 
race and has divided with each division of the cell. Yet at con- 
jugation the macronucleus degenerates through hypertrophy and 
fragmentation and the fragments are ultimately absofbed in the 
protoplasm. The process is fundamentally the same in all ciliates 
differing only in details. 

If the organization of a ciliate is dependent upon the specificity 
of the proteins, carbohydrates, fats, salts and water which enter into 
its m^e-up then this large bulk of nucleo-proteins distributed to 
all parts of the cytoplasm, must bring about a markedly different 
matrix^ with which the new amphinucleus and its products are to 
react. Zweibaum (1922) concluded that products of metabolism 
during vegetative activity gradually poison the nuclear substances 
so that both synthetic and oxidizing activities are weakened, but 
at conjugation and with fragmentation of the macronucleus the 
contained ferments are freed from their toxic bond^, and activity 
is fully restoi^. The intake of oxygen is much greater after con- 
jugation than before, a fact which Zweibaum (1921) interprets as 
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due to reorganization and the freeing of oxidases by nuclear disor* 
ganization. To^this mass of nucleo-proteins is also added three- 
quarters (e. g., Paramecium) to fifteen-sixteenths (Uroleptua) of the 
substance of ^e old micronuclei, which is likewise absorbed in the 
cytoplasm. 

Not only is the old nuclear material broken down and distributed 
but, in some instances at least, the formed metaplastids of the cell 
are similarly destroyed and absorbed. This is well illustrated by 
the disappearance of the old pharyngeal basket and some of the 
cilia, of ChUodon uncinatue. (MacDougall, Fig. 106, p. 225). This 
is perhaps relatively unimportant at conjugation since the same 
thing happens at each division of the cell during vegetative life, 
but it is evidence in support of the view that stabile substances of 
the organism, substances that have accumulated with continued 
vegetative life are reduced ‘to labile substances at this significant 
period of the life history. 

In a similar manner the many nuclei of Actinosphoerium eichhomii 
(.300 or more) according to Hertwig (1898) are fused together or 
absorb]^ prior to fertilization. As there must be a limit to the 
number that fuse (if any?) the great majority of nuclei must be 
absorbed in the protoplasm, for only a few (up to 20) become nuclei 
of gamonts (see p. 530). 

In gregarines also there is a similar fragmentation of some of the 
nuclei leading to collections of chromidia which appear to function 
in the formation of sporoducts (see p. 493). In Mycetozoa and 
Neosporidia also some of the nuclei are destroyed in connection 
with the formation of accessory structures of the fruiting bodies 
(elaters, sporoducts, spore capsules, etc.). 

The conclusion is forced upon us that this period of fertilization 
is marked by far-reaching changes in organization. Some of these, 
as in ciliates, have a prospective value for the young organisms 
while other are differentiations serving a useful purpose for the 
limited period of fertilization in organisms whose individual meta- 
bolic activities are approaching the end, afld these are evidence of 
extreme specialization. 

(b) nSetagamie Activities and Reorganization.— Under this heading 
we include all changes which take place in the organism immediately 
after formation of the amphinucleus. In ciliates the fragmentation 
and absorption of the old macronucleus may continue for several 
days after union of the gametic nuclei but the. further divides 
of the amphinucleus appear to be independent of the other happen- 
ings in the cytoplasm. .These activities have to do primarily with 
the differentiation of the characteristic cell structures of the new 
organism. Thus in Chilodon and other Chlamydodontidse a new 
oral basket is formed and some if not all of the cilia are renewed; 
whether or not new cirri, membranelles, and undulating membranes 
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are formed and the old ones absorbed, has not been fully determined 
by observation but this appears to be the case in Uroleptus imbilis. 

The most important of the changes at this perioo have to do with 
the formation of the new macro- and micronuclei. The inaccxu'ate 
statement is often made to the effect that the new macronucleus 
is formed by the metamorphosis of a micronucleus. This is strictly 
true only in cases of parthenogenesis. In fertilization both macro- 
and micronucleus are formed from products of the amphinucleus 
and both types of nuclei are formed by metamoi^hosis of such 



Fia. 22^.-—Urolevtm mobil%H; coiijuKHlion at the stage of nuclear fusion: g, n, 
gametic nuclei about to fuse; n, same enlarged; C, elongation of amphinucleus 
shortly after fusion. (After Calkins.) 

products. In the majority of cases the first metagamic division 
of the amphinucleus results in two equivalent nuclei. In Uroleptus 
mobUis this division occurs very soon after fusion and before com- 
plete mRcture of the two pronuclei is established (Fig. 224). This 
is shown by the occa.sional finding of nuclei in which 4 of the 8 
chromosomes are in the anaphase stage whjlc the other 4 are in the 
metaphase (Fig. 225). The two products of this division have 
different fates. One of them divides again to form two nuclei 
which lose their vesicular character and condense into minute and 
homogeneous bodies, the micronuclei. The other one forms a 
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heteropolar spindle and divides into two unequal products the larger 
of which is veiicular and persists as the new macronucleus, the 
smaller one is spheroidal and comp.act and ultimately disapi)ears 
by absorption (Fig. 225, 4). The young macronucleus sometimes 



Fi<;. 22/). — Origin of macroniiflcMis after eon juration in Uralfplua muhilis. (1) 
first niotan^uniie mitosis of the amphinneleus; (2) one of tiie progeny of this di vision 
dividinfr afcain; CS), (4), (/i) telophase stuRos of seeond riivision of the ainphiniieleiis 
rcsultiiiR in a new mncroniiclcus (al)f)ve), and a deReiieratiiiR nucleus (Im*1ow); (G to 
10), staRes in difTercMitiation of (he youiiR maeronueleus and disinteRratioii and 
absorption of the old nmeromieleus; in (10) two new inieronuelei are in mitosis pre- 
paratory to the first division of the ex-eonjuRant. (Af) new macn)niieleus; {tn) new 
micronuelei; (d) dcRencratiriR old niacnmuelei. (After Calkins.) • 


called the “placenta’^ becomes finely granular and lostvs its staining 
capacity which is not regained for a period of from three to five or 
more days. J)uring this period the young inatTonucleus appears 
like a vacuole in a center of a cell and is distinctly visiWe in the 
living cell. It is small at first but grows in size from day to day 



638 BIOLOGY OF THE PROTOZOA 

until it occupies fully two-thirds of the cell. It then condenses into 
a compact homogeneous ellipsoidal nucleus, invisiUe in the living 
cell, and stains intensely with chromatin dyes (Fig. 225, 10). It is 
now ready for the first macronuclear division and divides twice prior 
to division of the cell. It is perhaps significant that a similar dense 
ellipsoidal nucleus is formed by fusion of the eight macronuclei 
prior to cell division in vegetative life (see p. 221). 

An essentially similar history of the amphinucleus occurs in 
Colpidium colpoda (Hoyer, 1899), StyUmychia pustillata (Maupas, 
1889) and Lionotus Jasdola (Prowazek, 1909). In Paramecium 
caudatum the amphinucleus divides twice without differentiation 
and all 4 products divide a third time, 4 of the resulting 8 nuclei 
become micronuclei and 4 become macronuclei (Calkins and Cull, 
1907). ^ Here there is no degeneration but in Paramecium putrinum, 
according to Doflein (1916) and in Paramecium bursaria (Hamburger, 
1904) 3 of the 8 nuclei degenerate. Three divisions of the amphi- 
nucleus are also characteristic of Cryptochilum nigricans (Maupas, 
1889), Carchesium polypinum (Popoff, 1908), Vorticella monilata 
and Vorticella nebulifera (Maupas, 1889) and Ophrydium xqrsatile 
(Kaltenbach, 1915). In these, 7 of the 8 resulting nuclei form 
mac^lronuclei while the eighth forms the micronucleus. All 7 fuse 
to form 1 macronucleus in Cryptochilum (Maupas) but in the others 
each forms a macronucleus the 7 being separated by successive cell 
divisions until finally each cell has 1 (Popoff, Maupas, Kaltenbach). 

In Didinium nasutum (Prandtl, 1906), Paramecium Imrsaria (Ham- 
burger, 1904) Glaucoma scintillans, Leucophrys patvla, Spirostomum 
teres and Stylonychia pustulata (Maupas, 1889) differentiation occurs 
with the second division; 2 of the 4 ijuclei become macronuclei and 
2 micronuclei while none degenerates. A very exceptional history 
occurs in Bursaria truncateUa according to Prowazek (1899). Here 
no differentiation occurs until 16 nuclei are formed; 2 to 5 of these 
become macronuclei; 3 or more become micronuclei and the remain- 
der degenerate, 

. In Sporozoa metagamic activities take quite a different form. 
The majority of gregarines become gamonts which form many 
gametes (in Ophryocystis only one), which copulate within the 
sporocyst (Fig. 180, p. 425). The amphinucleus of each zygote 
divides, usually three times, to form eight products each of which 
becomes^ the nucleus of a sporozoite. In Diplocystis schneideri 
the first of these divisions results in the reduction in number of 
chromosomes to one-half (Jameson, 1923; see p. 533). In the 
Coccidia the number of metagamic division^ is still further increased. 
Here the zygote as well as the amphinucleus divides to form from 
two to many sporozoite-forming centers— the spoAblasts— each 
of which becomes enclosed in a special sporoblast capsule where it 
divides, usually only once, to form sporozoites (see p. 419). In 
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Aggregata eberthi as in Dijdncystis the first division of the zygote 
results in halving the number of chromosomes (Dobell, 1916). 
The Hcemosporidia differ in that capsule-bearing sporoblasts are 
not formed. Here the zygote grows to large size and the amphi- 
nucleus divides repeatedly until myriads of sporozoites are formed. 
In these types of Protozoa, therefore, metagamic activities involve 
actual reproduction and reproduction here is a sequel to fertilization. 

Other groups of Protozoa differ widely in their metagamic activi- 
ties and soilie types gives unmistakable evidence of ontogenetic 
development. Thus zygotes of Foraminifera grow directly into the 
more or less complex asexual generation (microspheric). Here 
the amphinucleus divides repeatedly while the cell divisions are 
suppressed. Similarly in Phytomonadida the zygote after a resting 
period divides to form a colony of specific character and the meta- 
gamic divisions are associated with cellular differentiations no less 
regular in sequence than they arc in many celled animals and plants. 

Other changes of a metagamic nature have to do with the clearing 
up of accumulated substances in the cytoplasm. Zweibaum (1922) 
finds that relatively large droplets of neutral fat which are charac- 
teristic of vegetative phases of Paramecitm are broken down prior 
to conjugation while smaller droplets of another type accunfulate. 
Among these he was able to detect a larger amount of cholesterin 
ester than normal and a great quantity of what he interpreted as 
fatty acids. After conjugation these small drops disappear and 
neutral fats reappear. A similar accumulation of fat-like droplets 
and “lipoplasts"’ is described by BSlaf (1922) in Actinojjhrys sol 
as characteristic of the copulating gametes and of the zygote, 
but the accumulation breads down and disappears with germina- 
tion of the latter. Macrogametes of Coccidia have an analogous 
store of cytoplasmic substances of the nature of lecithin which also 
disappear during metagamic activities. 

Thertf is some evidence, therefore, that specific products of 
metabolism accumulate in cells of Protozoa prior to fertilization 
and that these are utilized as are yolk sulbstances of metazoon eggs 
in the early metagamic activities. Their disappearance after fer- 
tilization indicates that in this respect also, the general make-up of 
the cytoplasm is reorganized. 

IV. PARTHENOGENESIS. # 

Parthenogenesis may be briefly defined as the development of 
an organism from an, egg cell (or its equivalent, e. g,, a ciliate) 
which has not been fertilized. The phenomenon occurs spontane- 
ously in affew animal groups and may be induced artificially in 
eggs from animals of widely different phyla which usually undergo 
fertilization before development. 
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The chief biological interest of parthenogenesis centers in the 
nuclear phenomena. Under ordinary conditions cjf fertilization 
two polar bodies are formed by the maturing egg and with their 
formation the number of chromosomes is reduced to one-half so 
that egg pronucleus and polar body nuclei are haploid. It follows, 
therefore, that in artificial parthenogenesis all tissue cells of the 
body are haploid. The same phenomenon occiurs, naturally, in the 
development of the drone honey bee, or of the male rotifer and may 
be referred to hereafter as TjT)e 1. In the great majority of par- 
thenogenetic eggs, however, the second polar body is not formed 
and the nucleus remains diploid as for example in parthenogenetic 
aphids or female rotifers; this may be designated Type 2. A third 
possibility, in theory, would be cases where two polar bodies are 
formed which, with the pronucleus, are haploid but the egg becomes 
diploid by later fusion of the pronucleus with one of the polar 
body nuclei. This which may be called Type 3 has not been estab- 
lished with certainty in any metazoon but was suggested as a possi- 
bility by Boveri (1887) and described by Brauer (1893) as one type 
of parthenogenesis in the eggs of Artemia. 

In Protozoa many cases of so-called parthenogenesis hav(? been 
descrH)e<l some of which fall in line with one or another of the three 
types in Metazoa as outlined above. These phenomena may be 
grouped under two headings -so-called endomixis of Woodruff and 
Erdmann (1914) and autogamy, a widely used term in connection 
with Protozoa. 

A. Endomixis.— Under this term Woodruff and Erdmann (1914) 
described complete periodic nuc:lear reorganization without cell 
fusion in a pedigreed race of ParamecpimJ* At regular intervals 
of approximately thirty days they found that the old macronucleus 
of Paramecium avrelia gives rise to buds or fragments which arc 
absorbed in the cytoplasm. There appears to be some difference 
in the details of macronucleus fragmentation between individuals 
in 1914 and more recent individuals. Thus Woodruff and ISpencer 
(1922) find that ribbon of skein formation prior to fragmentation 
and characteristic of conjugation, which was very rare in 1914, 
had become much more common in 1921. Each of the two micro- 
nuclei divides twice, forming 8 products some of which form new 
micronuclei some new macronuclei. The possible combinations of 
nuclei and their relations are shown in Fig. 226. Later, Erdmann 
and Woo(fruff (1916) demonstrated a similar periodic reorganiza- 
tion at intervals of approximately sixty days in Paramecium 
caudatum. In this case the single micronuclfus divides three times 
forming 8 nuclei 4 of which become macronuclei, 2 possibly degen- 
erate, and 2 persist as new micronuclei. ' 

In Paramecium, therefore, the first two divisions of the micro- 
nuclei in endomixis correspond to the reducing divisions in conjuga- 
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Fig. 226. — Diagram of reorganization in Paramecium aurelia after conjugation and during endomixis. (After WoodruflF.) 
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tion, the third division as absent in aurelia but present in cavdatum. 
If reduction occurs with the first two divisions the four products 
in endomixis are equivalent to haploid nuclei so far aft the chromo- 
somes are concerned, and correspond, therefore, to the first type 
of parthenogenesis above. But they are likewise equivalent to the 
fertilization nucleus and develop with the diploid number of chromo- 
somes. This number, unfortunately is too large in Paramecium 
to permit of accurate counting, while in ciliates with a small number 
of chromosomes, endomixis takes place during encystment where 
cytological details have not been made out in any caSe. Fermor 
(1912) indeed, described the union of the two macronuclei and of the 
two micronuclei in Stylonychia lyustulata during encystment but the 
account of the phenomenon is incomplete and on its face implies 
the fusion of diploid nuclei. This is so improbable from the chromo- 
some standpoint that the result cannot be accepted without 
confirmation. 

As indicated above (p. 527) the difficulty over haploid and diploid 
chromosome number reaches an extreme in connection with the 
third division of the ciliatc nucleus. If reduction in number occurs 
during the first two meiotic divisions then the pronuclei are formed 
by a third division of an haploid munber of chromosomes. If 
this division is transverse as appears to be the case with Pam- 
meciuvi, this third division might also be a reducing division, and 
the amphinucleus coming from the union of such nuclei would 
be haploid. If the third division however, is equational the pro- 
nuclei would still have the haploid number and their fusion would 
result in a diploid amphinucleus. The latter appears to be the 
correct solution. Gregory (1923) for example describes 24 dumb- 
bell-shaped chromosomes in the nuclej^p plate of the first meiotic 
division of (hytricha fallax. This number is reduced to 12 dumb- 
bell-shape chromosomes with this first division and each dumb- 
bell divides longitudinally. The equational halves are separated at 
the second division and 12 dumb-bells form the equatorial plate 
of the third division (Fig. 227). The two halves of the dumb-bell 
are finally separated with tliis third division, 12 single chromosomes 
passing to each pole. The pronuclei thus have 12 single chromo- 
somes and the amphinucleus formed by their union has 24. The 
interpretation here depends upon the origin of the 24 chromosomes 
of the first division. The meiotic process begins with a spireme 
which fragments into granules, approximately 48 in number. 
Association of these granules 2 by 2, results in 24 dumb-bells. If 
the number of chromosomes were 48 this would be synapsis in the 
usual sense. The reduced number, however, is 12 and only 24 
chromosomes make up the amphinucleus. If the granules are 
homologous and in pairs, and if like unites with like to form the 
dumb-bells, then division of the 24 chromosomes of the first nuclear 
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Fio. 221 ^‘—Oxyiricha fallax; conjugation and meiosis. 2 to 9, formation and diviH- 
ion of the first meiotic nuclear spindle and separation of the twenty-four dumb-bells 
into two groups of twelve du!nb-bells each; 10 to 12, the second mciotic division; 13 
to 15, the third division; 16, one of the pronuclei; 17 to 20, the first zygotic division. 
(After Gregorys 
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plate in meiosis would be equivalent to equational division. The 
.latter interpretation satisfies the conditions in other ciliates {e. g., 
Chilodon, Uroleptvs, Didinium, etc.), and the anon^alous condition 
in ciliates generally may be cleared up by the assumption of two 
equational and one reducing division at meiosis, as against one 
equational and one reducing division in Metazoa. With different 
forms furthermore reduction may occur either in the first division 
as in Oxytricha, or in the second division as in the majority of cases 
on record. Dchorne (1920) escapes the difficulty by finding in 
Paramecinm mudaUim that there arc no chromosomes at all, the 
single, much-looped filament of chromatin dividing transversely at 
each division. 

A further difficulty arises with parthenogenesis. Woodruff and 
Erdmann regard the first two divisions of the nucleus at endomixis as 
equivalent to the first two divisions in conjugation. If this is true 
the cliromosoines are presumably reduced in number by either the 
first or the second division and the reorganization nucleus would be 
haploid from which the normal number of (chromosomes in endo- 
mictic animals would have to be reestablished by division of each 
of the (chromosomes present. In the case of Oxytricha cited 
above, barring fusion of nuclei during endomixis, no evidence for 
whi(?h has luceii advanced in any ciliate (with the exception possibly 
of Stylonychia pnstidata, s(je above), the? functional nucleus would 
have 12 dumb-bell-shaped chromosomes. If the chromosomes 
remain double a race of luqdoid individuals would be formed. At 
the next endomictic period these would again be halved, and so on. 
This, however, is unbelievable. If on the other hand, the parts 
of the dumb-bell should separate then the normal diploid number 
would be restored with two sets of Ijomologous chromosomes and 
the 48 chromosomes would be formed by the further division of 
the 24. 

Still further difficulties are added by the merotomy (experiments 
with conjugating Uroleptvs mohilis. A pair in conjugatK)ii at the 
period of pronuclei interchange is cut across the angle as shown in 
Fig. 220. The angular apex thus cut oft* and one of the arms, are 
fixed and stained to determine the stage of maturation. The other 
arm is cultivated. Since other pronuclei usually degenerate, it is 
evident that only one pronucleus is present in the piece cultivated, 
and this one contains the haploid number of chromosomes. The 
possibilit^v remains open, luwever, that this pronucleus may unite 
with a sister pronucleus formed by sister nuclei, and which do not 
degenerate. In this case it would be parthenogenesis of the third 
type above. When such cutting experin^ents are successful the 
resultant organisms regenerate perfectly and undergo typical life 
histories and each individual has the normal numbed of chromo- 


somes. 
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The most probable interpretation appears to be that the diploid 
number of chromosomes is restored by chromosome division. In 
endomictic animals chromosomes become homozygous. But after 
50 or more generations of close in-breeding by conjugation the 
chromosomes must all have become similarly homozygous and a 
matter of no qualitative difference whether one set divides, or receives 
an homologous set in amphimixis. The 4 chromosomes of Uroleptvs 
are probably qualitatively different and a full set are probably needed 
for complete development of the individual. There is always a pos- 
sibility of imperfect segregation, resulting in failure to reorganize 
on the part of the ex-conjugant. This possibility is certainly not 
lessened by complete homozygosity and may be significant in con- 
nection with the increased percentage of deaths after conjugation 
which is now apparent in the cultures. 

The conclusion follows that so far as chromosomes are concerned, 
endomixis and amphimixis after prolonged in-breeding as in Urolep- 
Hus are similar in results. The cellular processes of reorganization 
are identical iri both and W(M)druff is quite right in stating that 
amphimixis is unnecessary for continued life of a ciliate. In respect 
to vitality, endomixis and amphimixis are equivalent and so long as 
one or the other occurs, continued vitality is possible. Furthermore 
it may be argued that if an equivalent reorganization is accomplished 
in any other wny then neither endomixis nor amphimixis by conjuga- 
tion is necessary. Kviden(?e of this third possibility is furnished by 
observations on Parameciuin calkinsi (Spencer, 1925), by Acimo- 
phrys sol (Belaf, 1922), by Eudorina elegans (Hartmann, 1921) 
and by the animal flagellates. If this is a correct interpretation 
then tliere is a possibility of harmonizing the many conflicting results 
and views advanced in relation to the much discussed problem of 
indefinitely-continued vitality. 

B. Autogamy.— Autogamy, or self-fertilization in Protozoa is a 
logical seciJience of endogamy. If a gamont of Artinophrys sol 
should not* divide to form gametes wdiich later fuse (see above, p. 
500), and if tlicgamoiit’s nucleus should divide and the two producrts 
should undergo meiosis, and the two proriuclei should then unite, 
all in the same one cell, then the process would be called autogamy. 
Or if pronuclei from the same individual ciliate should unite, it 
would be autogamy. In short autogamy is the realization of Type 
.S of parthenogenesis above. 

The phenomena which have been described and interpreted as 
autogamy, particularly as they occur in parasitic forms, are rather 
cautiously interpreted today and many careful observers, perhaps 
too careful, are inclined fo regard the earlier descriptions of auto- 
gamy as dealing Avith degeneration phenomena rather than with 
normal vital activities. A classical example of such earlier work is 
the description of autogamy in Endarnaeba call as given by Schaudinn 
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(1903) and conlinned in essence by Wenyon (1907) in Endamceba 
vmria (Fig. 228). The organisms encyst after a period in the host’s 
intestine; the nucleus of the encysted cell divides (A, B, C,) and 
the cell body indicates an attempt to divide into two parts. The 
protoplasmic connections between these two cytoplasmic parts 
are never lost so that subsequent processes take place in a binu- 



Flu. 228 . — Eiidamaoha muria. A, ordinary individual prior to encystment, in 
division. B, an autogamous cyst; C, division of nucleus and vacuolization of coll; 
these nuclei then break up into ohromidia; E, reformation of two nuclei from chrom- 
idia; F, G, two nuclei and so-called reduction bodies remain in the cyst, the former 
now divide (O) to form 4 nuclei which unite 2 and 2; these nuclei now divide to form 
4 and the 4 give rise to 8 (J). (After Wenyon.) 


cleated cell. The nuclei next fragment, forming idiochromidia 
from which two smaller nuclei (D, E) are formed by segregation of 
the scattered granules. Each nucleus thc-n divides twice, one-half 
at each division forming nuclei which degenerate in tlje cell (“reduc- 
tion” nuclei). The other halves form two fertilization nuclei each 
of which divides again, this time with the long axes of the spindles 
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parallel with each other and the final daughter nuclei fuse 2 by 2. 
The cleft in the cell disappears and an encysted Amoeba results 
with two amphinuclei. Each of these nuclei divides twice and 
eight spores are formed about the resulting eight nuclei (Fig. 228, 

Autogamy appears to be characteristic of the Neosporidia among 
the Sporozoa and the processes are fairly uniform in Myxosporidia, 
Microsporidia and Actinomyxida. Multinucleate cells are typical 
of the nutritive,or vegetative stage and in some cases the nuclei are 
dimorphic. Spores are formed endogenously and during the con- 
tinued vegetative activity of the organism. The process was well 
described by Schroder (1907) for SphcBrmiyxa sabrazesi, a parasite 
of the sea horse, where the multinucleate ama»boid body of the 
parasite contains two kinds of nuclei distinguishable by size and 
structure. Within the protoplasmic body small areas become differ- 
entiated from the surrounding cytoplasm. These areas, character- 
istic of the Myxosporidia, each contain 2 nuclei, 1 of each kind 
(Fig. 229, K-Q), With the development of the pansporoblast, 
each nucleus divides in such order that 7 daughter nuclei finally 
residt ftom each, the 14 nuclei behaving as follows: 2 are destined 
to degenerate as '^reduction nuclei;” 4 become the centers of capsple 
and shell formation; 4 become centers of polar capsule formation; 
and 4 remain as germinal nuclei. The protoplasm of the pansporo- 
blast divides into two halves (M) the sporoblasts, and each contains 
6 of the nuclei, while the 2 degenerating nuclei remain outside. 
The 6 nuclei are thus diffierentiated into somatic and germinal 
nuclei 4 in each case going into somatic differentiations of the spores 
(shells, polar capsules and threads) and 2 presumably 1 of each of 
the original 2 kinds, remain as f)ronuclei {N, 0, P), 

Many different observers have noted this binucleated stage of the 
young spore, and the problem of fertilization in Myxosporidia 
appears toJ)e bound up with their further fate. Schroder believes 
that they •finite later and so complete the fertilization, a belief 
which he was able to prove in a later publication (1910). Keys- 
selitz (1908) working on Myxobolvs pfeifferiy likewise believed in 
the union of an analogous pair of nuclei during cither the final 
stage of development of the spore or in the young animal immediately 
after leaving the spore case (Fig. 229, A-J). Davis (1916) observed 
the union of such nuclei in Sj^hcerophora dimorpha but was some- 
what skeptical of his own observations, but Krdmann (1911 and 
1917) (fonfirmed Schroder in actually observing the fusion. Awer- 
inzew (1909) on the other hand, working with Ceratoviyxa drejmno- 
pseti(By believed that fusifln or fertilization does not occur in the 
spore stage b\i^ after the initial development of the young animal 
(see also Kudo, 1924). When the latter has reached the stage with 
4 nuclei, 2 of the nuclei bccjome trophic while the other 2 become 
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germinal giving rise by division to “microgametes” and macro- 
gametes which fuse after “reduction.” Mavor (1916) working with 
an allied specie^ {Ceratomyxa acaditnwis) found uninucleate young 
forms which, upon the first division of the nucleus, give rise to 
dimorphic nuclei as described by Awcrinzew. The fusion of “pm- 
etes” which Awerinzew described was confirmed in part by Keys- 
selitz (1908) in connection with Myxobohis pfeifferi. Here the 
pansporobla.sts which Keysselitz names the “propagation” cells. 



Fig 230 . — Artmha diploUiM. Th« ordinary voKctaWvc individual ha« two nuclei 
which divide independently at cell division. With encystment these nuclei form 
spindles (B) and the cells divide (C, D): the two pairs of nuclei then iimtc, forniiim 
two fusion nuclei after which the cell Iwdies reunite, thus fornuiiB the veKetativo 
biimcleated cell. (After Hartmann and NaRler.) 

arise in the protoplasm of the adult organisms in the same manner 
as in other Myxosporidia, but the nuclei, and with them^he cell 
body of the germinal area, divide (Fig. 229, A. B, C). Ihe pro- 
pagative cells later unite 2 by 2 and are at first separated by a thin 
cell wall, which later disappears. Within this united mass the 
nuclei divide until there are 14 as in Bphwro7nyx(i. Such cases of 
fusion are interpreted by Erdmann (191/) as plastogamous ip 
character. 
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These obijervations indicate that fertilization in Myxosporidia 
belong in the group of autogamous phenomena. In the closely 
related Microsporidia there is considerable difference of opinion in 
connection with the time and place of fertilization if it occurs at 
all. Stempell (1902, 1904, 1909) and Fantham and Porter (1912), 
give evidem* to indicate that union of nuclei occurs as in Myxo- 
sporidia an<l after the spore leaves its capsule. Mercier (1909), 
Swarczewsky (1914) and others believe that the formation of hetero- 
gametes occurs prior to sporulation as described, by Awerinzew 
for Ceratomyxa; Debaisieux (1913, 1915, 1916) alsQ believes in a 
process of autogamy prior to sporulation in Glugea danUewskyi, G. 
mvUeri, G, anomala, and in microsporidian parasites of Simulium 
larvae. 

Similarly a process of autogamy occurs prior to sporulation in 
Actinomyxida. Here, according to the observations of Caullery 
and Mesnil (1905) on Spharactinomyoeon, the youngest stages are 
found as intestinal parasites of the tubificid worm Clitellio, and are* 
either uninucleated or binucleated. The observers were inclined 
to believe that the uninucleated stage comes first and that it repre- 
sents, possibly, a sporozoite. Whatever may be the origin*' of the 
binucleated form, the 2 nuclei divide and 2 of the 4 resulting nuclei 
become .somatic nuclei connected with the formation of tbe cyst 
wall. The remaining nuclei and cell body now divide until there 
are 16 independent twlls. These unite 2 by 2, fertilization thus 
occurring endogamously, and 8 spores are finally formed. 

In many of these cases so-called reduction nuclei have been de- 
scribed as indicating processes comparable with chromosome reduc- 
tion in meio.sis. Up to the present time, however, while well-marked 
chromosomes of definite number hrfve l)een de.scribed by George- 
witsch (1915) and by Davis (191 6) there is no evidenct; of reduction 
in number tather before or after nuclear fu.sion. Erdmann (1917) 
has shown that so-called reduction nuclei inside the spore,^re masses 
of chromatin or perhaps glycogen, which serve a purpose in the 
formation of the spore 'membrane. The extremely minute size of 
the nuclei and the technical difficulties, make the general problem 
very difiicult to solve in Telosporidia and at the present time 
there is little prospect of an early solution. 

From the foregoing review it is apparent that the changes of a 
cumulative character are taking place during the vegetative activi- 
ties in dll types of organization. Such changes are manifested by 
structural or functional peculiarities at different stages, the most 
marked of which are at periods of maturity and old age. Some of 
these are peculiar to certain types only, e'g., the old age structural 
differentiations of Mycetozoa and Sporozoa. Othess, particularly 
those occurring' at maturity, are more universal but differ in degree 
in different cases, the least evident being those of hologametes and 
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conjugating Infusoria, and the most evident are those in which 
complete anisogamy occurs. One widely spread effect of such dif- 
ferentiation is t8e phenomenon of meiosis or reduction in the number 
of chromosomes. This also occurs at various periods, furnishing 
a basis for the categories of conjugant meiosis, gametic meiosis and 
zygotic meiosis. 

Whatever may be the interpretation of the phenomenon, the fact 
is obvious that all products of fertilization are labile, active organ- 
isms quite different in character from the conjugants, hologametes, 
or gametes wliich participated in their production. Apparently 
the same profoplasm, however, is continuous from the old to the 
young, and during transition certain processes, here described as 
disorganization and reorganization, have taken place. These pro- 
cesses, as I believe, are responsible for the renewal of vitality and 
for the inauguration of a new life cycle in a new organism, evidence 
for which is given in the following chapter. 
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CHAPTER XII. 


EFFECTS OF RFX)RGANIZATION AND THE ORIGIN OF 

VARIATIONS IN THE PROTOZOA. 

■ 

In the preceding chapters we have developed the Meas that life 
is organization; that vitality is the sum-total of actions, reactions 
and interactions between and amongst the aggregate of substances 
which make up protoplasm; that minute differences in the aggregate 
of substances constitute differences in organization; th^t no two 
organizations are identical; that with continued metabolism the 
protoplasm of a given individual undergoes changes in organization 
which are gradual but progressive; that such changes may be mani- 
fested by structural differentiations and by physiological activities 
which are characteristic of certain periods in the life cycle; and that 
progressive differentiation leads to a condition of protoplasmic sta- 
bility such that metabolic activities weaken or cease altogether. 

We have no desire to belittle or ignore the fact that observations 
are not all in accord with the conclusions outlined above or to under- 
estimate the significance of data which apparently do not agree 
with them. We are attempting however, to formulate a conception 
of organization and vitality which will embrace as large a field of 
observational results as possible and to give a rational interpretation 
of them. An important part of such %n interpretation is concerned 
with the effects of fertilization and parthenogenesis which are con- 
sidered in the present chapter. 

1. EFFECTS OF BEOBOANIZATIOM ON TITAUTT. 

If our fundamental tfi’esis that continued metabolism leads to 
functional weakening and ultimate cessation of vitality is correct 
it follows that for continued life some reconstructive or reorganizing 
operation is necessary. The phenomena attending cell division, 
together with experimental evidence (see Chapter V) indicate that 
such reorganization may occur with each division of the cell, and 
that vitality of the protoplasm immediately after division is nor- 
mally unhampered by accumulated products of activity in the form 
of metaplastids or of substances which ara becoming inert. The 
deep-seated changes in organization which accompan;^ fertilization 
and parthenogenesis have a similar but an even more profound effect 
for the protoplasm is entirely made over and new cell organs are 



EFFECTS OF REORGANIZATION ON VITALITY 553 

present for activity in a renewed cytoplasmic body, the aggregate 
resulting in a new organization and new vitality. 

“Conjugation's a physiological necessity for maintenance of the 
race” (Hartmann, 1921; p. 114). This indeed is one of the oldest 
views as to the effect of conjugation of the ciliates. It is unfortunate 
perhaps that the phenomena involved became labeled with fanciful 
terms signifying renewal of youth (Verjungiing of Butschli, 1870, 
Rejuvenescence of Maupas, 1889), terms which many hard-headed 
biologists find jt difficult to accept. It might or might not have 
made some difference if the phenomena had been interpreted as 
a series of reactions whereby protoplasmic impedimenta are removed 
leaving a renovated organism and a possibility of unhampered 
vitality. It is in this sense that the term rejuvenescence is used 
in these pages. 

Another •interpretation of the phenomena, however, was early 
given in connection with theoretical biology. The union of two 
individuals in conjugation or in fertilization generally, involves 
the fusion of two organizations represented either by nuclei alone 
as in conjugation, or by nuclei and cell bodies as in merogamy. 
The teftn amphimixis (Wei.smann) was applied to this phenomenon 
and its significance was interpreted as a means of inaugurating 
variations which would turn out to be useful or not in the grilling 
process of natural selection. 

Of the two interpretations the former appears to be the more 
comprehensive and fundamental since it deals with vitality and 
applies not only to phenomena of fertilization but to effects of 
parthenogenesis as well, and may be still further extended to 
include the effects of periodic reproduction by cell division. The 
general truth of the latter iifteri)retation is undeniable and has 
been repeatedly confirmed in experimental zoology, Init we avoid 
the stigma of teleology by assuming that amphimixis arose in con- 
nection wijh the satisfying of some fundamental protoplasmic need. 
In other words and on this supposition, gametes were developed 
not as a means of ensuring amphimixis but as a result of vital 
activities and changes in organization which rendered them unable 
to continue metabolic activities without fusion. 

It would seem that the fundamental truth of this generalization 
requires no argument insofar as it concerns merogamy. The fer- 
tilized egg cell is a new organism with a new potential of vitality 
having the possibility of development with differentiations*leading 
to the adult organism. It is the beginning of a new life cycle for 
which the stimulus to development is furnished by the sperm cell. 
The facts of parthenogenesis however, show that this potential 
is in the subst^ce of the egg itself and that it, without participation 
of the sperm cell, may likewise be the beginning of a life cycle. 
The egg cell furthermore does not have the same organization as 
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did the primordial germ cell, or endothelial cell from which it 
came. Reorganization of the protoplasm of that endothelial cell 
has taken place in its metamorphosis to an egg cefi and is brought 
about by the often-described process of ovogenesis and matura- 
tion. In this phenomenon of endothelial cell metamorphosis we find 
the homologue in Metazoa of the reorganization processes of the 
Protozoa. 

The nearest approach to the metazoon egg and spermatozoon 
condition amongst animal Protozoa is the group (^occidiomorpha 
amongst Sporozoa. Here, no less than in Metazoa^ the fertilized 
egg is the beginning of a new life cycle, or by metagamic divisions, 
gives rise to sporozoites each of which is the beginning of ah inde- 
pendent life cycle with its characteristic phases and differentiations. 
Few biologists would question the application to Sporozoa of the 
term life cycle, and yet no single individual sporozoon has ever 
been followed through the sequence of changes from fertilization 
to fertilization. This cyclical history of Sporozoa is forgotten by* 
those like Woodruff who .speak of a life cycle in Protozoa as a myth. 
They have in mind only the ciliated Infusoria and the phenomena of 
conjugation; indeed the controversy over the effects of fertifization 
in Protozoa has been limited almost exclusively to the Infusoria. 

Actual experiments to test the effects of conjugation on vitality 
of the Infusoria have been few in number the majority of investi- 
gators stopping with experiments to determine the need of conjuga- 
tion, i. e., whether or not vitality as measured by the division- 
rate actually undergoes a diminution to a point where death ensues 
if fertilization fails (see Chapter X). Jennings (1921) has pointed 
out that Maupas himself never claimed that the power to reproduce 
is restored by conjugation although his experiments did lead him to 
the conclusion that ciliates undergo senile degeneration and natural 
death. This inconsistency on Maupas’ part requires some explana- 
tion here for it is usually overlooked. His general conclusion is 
carried in the* statement: “In regard to Infusoria ray culture 
experiments have demofistrated that these Protozoa do not escape 
the general law of senescence” (1888, p. 273). From this conclusion 
we would naturally infer that senescence means a weakening of 
the general physiological proce.sses including the power to repro- 
duce by division. But Maupas apparently had no such conception 
of senescence for he adds: “The power of mtiltiplication follows 
no sucl# diminishing and parallel course. It is maintained almost 
intact even a long time after the other functions, and the entire 
organism, are shown to be greatly reduced by senile degeneration” 
(1888, p. 273). 

The inconsistencies in Maupas’ conclusions hav<i been pointed 
out in another' place (Calkins, 1923); it is sufiScient here to state 
that exact data in the form of daily records of divisions were kept 
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by Maupas for only three series of individuals, and data for only 
one series (Stylonychia ynstrdaia) were published in full. The 
graph shown Ai Fig. 231 was constructed from these published 
data and it certainly appears to bear out his (lonclusion concerning 
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Fio. 231.— Vitality graphs of Stylonychia pustulata and S. mytUua from records by 
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multiplication. For another series, however {Styhmychia mytUtts) 
data were given for a different purpose and from these the graph 
shown in Fig. 231 (below) was constructed. From this graph it 
is apparent that his conclusions regarding multiplication and 
vitality do not agree with his records. Maupas’ experimental 
evidence in connection with vitality after conjugation thus counts 
for very little either for or against rejuvenescence. 

A much more carefully planned and executed series of experiments 
to test the effect of conjugation on the division-rate were carried 
out on Paramecium by Jennings (1913). He found: ,(]) That ex- 
conjugants in only a few exceptional cases have a higher division- 
rate than do non-con jugants of the same strain; (2) that conjugation 
causes a decrease in division-rate of the great majority of ex-con- 
jugaiits; (3) that conjugation {‘auses a high mortality among 
ex-con jugants; (4) that it causes a marked increase of weak, sickly, 
and abnormal individuals. From these results it would appear 
that conjugation is a highly unprofitable habit of the Infusoria 
which if freely indulged in by Paramecium would soon lead to the 
extermination of the race. The annual crop of Paramecium^ 
however, remains about the same and we are forced to interpret 
Jennings’ results as due more probably to the conditions under 
which the experiments were carried on than to the effects of con- 
jugation (see iufra p. 578 and Calkins, 1923). 

The question of increased vitality after conjugation receives a 
definitely affirmative answer with Woodruff and Spencer’s experi- 
ments with Spathidium apathula (1924). Conjugation tests fur- 
nished material from pure lines for conjugation and ex-conjugants 
were isolated and followed out in isolation cultures. The daily 
division-rates for parent and offspring series were compared with 
great exactness. Ninety-four different ex-conjugant series were 
thus available for comparison with their respective parental series. 
Of these the parent series died in 15 cases during the firjt fifteen 
days of life of the ex-conjugants but the latter “all actually divided 
more rapidly than their •'respective parents” (p. 187) during the 
periods in which the parents were alive. In (>7 cases both parents 
and offspring continued to live and divide for more than fifteen 
days, the offspring in all cases dividing more frequently than the 
parents. Eighty-two cases therefore out of 94 ex-conjugant series 
showed a definitely marked increase in vitality as measured by 
the divisfon-rate, as a result of conjugation: “it is evident that 
conjugation directly induces an immediate acceleration of the 
reproductive activity” (1924, p. 188). The same conclusion is 
reached for the full life history of ex-coifjugants in comparison 
with the remaining life of the parental series after conjugations 
have occurred. “Since conjugation is the sole variable involved 
in ex-conjugant and parental cultures it is evident that conjugation 
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directly induces not only an immediate acceleration of reproduction 
but also an acceleration which persists at least as long as the life 
of the parentil (cultures. These results are in opposition to all 
results which indicate that conjugation is devoid of a profound 
physiological stimulation of the metabolic activities of the cell 
expressed in reproduction” (loc. cit., p. 189). Thus in Spathidiinti 
spathvla not only are the division-rates of ex-conjugants higher 
than those of the parental strains but the ex-eonjugants actually 
outlive the ppent protoplasm, hence the authors further conclude: 
“Conjugation typically has a high survival value in the life of tlie 
organism” (p. lOO). 

It is significant that Woodruff and Spencer studiously avoid use 
of the term “rejuvenescence” in their work. They speak of an 
increased division-rate of ex-conjugants and of the “survival value” 
of conjugation but not of renewal of vitality. As these are the two 
essential factors which characterize the phenomena of rejuv(»nes- 
cence we are justified in including Woodruff* among the pro])onents 
of rejuvenescence. The two factors were dis(‘ussed in an earlier 
analysis of rejuvenescence ((^alkins, 1920) in which it was ])ointe(i 
out that the division-rate expresses the “intensity” of vitality and 
the length of life in division days the “endurance;” the latter is 
evidently the same as Woodruff* and Spencer’s “survival value.” 

The experimental work on Spathidinrn spathvUi was a confirma- 
tion of the w'ork on Uroleptvs mohilis which was begun in 1917, 
and is still under way. A single ex-conjugant was the progenitor 
of all the material that has formed the subject of tlie investigation. 
The method em])loyed throughout was the usual isolation culture 
method (see p. 469). In the following account of tlu^ experiments 
the term “series” always m^ans an ex-conjugant with the progeny 
formed from it by division; the progeny being represented by five 
pure lines which are continued by isolation cultures until vitality 
is exhausted and death ensues. C4)njugation tests at regular 
interval provide material for filial series.^ Up t<f January 1, 1925, 
125 diff*er(‘nt seri(\s had been studied; ll<iof them had followed tluj 
usual history and had died out and 9 scries were under culture. 
The last of these? 9 series represents the V 29 generation of successive 
conjugations since the original ex-conjugant was isolated. Abundant 
statistical data have accumulated during these seven years and 
these furnish valuable evidence in favor of the theory of rejuvenes- 
cence. The bearing of these data on the following to])i^*s may be 
briefly summarized : (1 ) Renewal of vitality as a result of conjuga- 

tion; (2) intensity of vitality and extent of renewal; (.‘^) effect of 
parents’ age and vitaHty upon vitality of off*spring; (4) evid(‘nces 

1 In the earlfer publications on Uroleptus these series wore designated by letters 
as Series A, Scries C, etc., but with the exhaustion of the alphabet the letters have 
been replaced by serial numbers. 
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of change in nature of rejuvenescence in later series; (5) exhaustion 
of a strain through continued old-age breeding; (6) strengthening 
a weakened strain by early conjugations. * 

1. Renewal ot Vitality as a Result of Conjugation.— In Chapter X 
it was shown that the life cycle of an ex-con jugant of Uroleptus 
mobilis begins with high vitality; this gradually weakens during 
a period of fnm nine to twelve months and ends with death of the 
last individual representing that protoplasm if reorganization by 
fertilization or parthenogenesis has been prevented. full pedigree 
of the latest series (128) is illustrated by the graph shown in Fig. 



Fig. 232. — Condcnsctl vitality graphs showing the descent of Uroleptus mobilia from 
November. 1917 to date. S -scries; G ^generation age of parents. 


232. Conjugation between the progeny of an ex-conjugant occurs 
whenever a conjugation test is made after the series is mature 
(see p. 490). An ex-conjugant from such a mating has a higher 
vitality as expressed by the division-rate than the individuals 
of the pa^’ent series which had not conjugated. The test for this 
is shown l)y a comparison of the division-rate of the parent proto- 
plasm which has not conjugated with the division-rate of the 
protoplasm that had conjugated, both protoplasms running simul- 
taneously and under identical conditions in isolation cultures. 
If such conjugations occur early in the life history of the parent 
series both parent and offspring run simultaneously for some months; 
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if late in the life hbtory of the parent the offspring series outlives 
the parent, in some cases for many months. An arbitrary test 
of the difference* in vitality of parent and offspring is furnished by 
a comparison of the division-rate of the ex-conjugant for its first 
sixty days of life with the division-rate of the parent during the 
same calendar sixty days. The difference between the two rates 
indicates the difference in intensity of vitality between parent and 
offspring. In the accompanymg synoptic table data are listed for 
all series to da^e including series number, relative vitality (column 
2), number of generations attained (column 3), number of division 
days (column *4), parent series (column 5), age of parent scries at 
time of conjugation (column 6) ; number of divisions of parent sub- 
sequent to conjugation (column 7) ; intensity of vitality of parent 
and offspring and differences between these intensities (columns 8, 
9 and 10).. TTie division-rates represent the numbers of divisions 
which any individual of a series would undergo in ten days. 

• The last column of the table on pages 560, 561 and 562 gives an 
emphatic affirmative to the question. Does conjugation effect a 
renewal of vitality? 

2. Infbnsity of Vitality and Extent of Benewal.— An imi)ortant 
matter which is usually overlooked in experiments of this nature 
is the intensity of vitality of the parent protoplasm at the tim*e of 
offspring-forming conjugations. The metabolic activity, growth 
and reproduction, of an organism are not unlimited, each species 
having its limit of vitality. As more water cannot be forced into a 
jug that is already filled, so it is impossible, under constant tempera- 
ture conditions, to increase vitality in protoplasm that is already 
functioning to its full capacity. In Uroleptvn, however, conjugations 
do not occur when the protcplasm is at its maximum of vitality 
and the difference in intensity of vitality between parent and 
offspring depends upon the age of the former at the time of con- 
jugation. With offspring from young parents the parental vitality 
is relativ^y high and the difference in intensity hit the first sixty 
days of life of the offspring between par-yit and offspring, is fre- 
quently so small as to fall within the limits of fiuctuating variations 
or of experimental error. This was the case for example in Series 
2, 4, 64, 71, 78, 79, 85, 96, 97, 102, 104, and 111 where the differenc-e 
in intensity is less than two divisions in ten days. Reference to col- 
umn 6 of the Table shows that all of these series came fn)m young 
parents. Such slight differences afford little positive ev'ilence of 
rfejuvenescence and failure to take into account the age of parents 
explains a number of discordant re.sults in the literature of this 
subject. With advancing age of the parent pnrtoplasm the differ- 
ence in intensity between parent and offspring l)ecomes more pro- 
nounced. The young ex-conjugant returns to the full capacity, 
of the species while the parent protoplasm shows the vitality 
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characteristic of its age. The diflFerence between them is now 
beyond the rv^ge of fluctuating variations or of experimental error 
and furnishes unmistakable evidence of rejuvenescence. Series 
7, 11, 24, 27, 28, 29, 30, 31, 36, 57, and 63 which exceed their parents, 
in rate of division by from 8 to 10 divisions per ten days illustrate < 
this point, and reference to column 6 shows that these series came 
from parents well along in age. With extremely old parents finally 
the difference in intensity between parents and offspring reaches its 
maximum and if parents have less than 35 divisions subsequent to 
their age at, the time of conjugation (column 7), the offspring have 
an intensity of from 11 to 16 divisions per ten days more than the 
parent protoplasm (Series 8, 15, 39, 63). 

3. Relative Vitality of Different Series and Effect of Parents’ Age 
on Vitality of Offspring.— Do ex-con jugants from old parents have 
as much vitality as do ex-con jugants from young parents? That is, 
is the organization of offspring affected by the depicted vitality 
of the parent? Except in extreme cases these questions cannot 
be answered by comparison of the intensities of vitality of the two 
series. For example a series living two hundred days and dividing 
300 fnnes would have an average intensity of vitality indicated 
by 15.0 divisions in ten days; another series living only fifty days 
and dividing only 75 times likewise has an intensity of 15.0 divisions 
per ten days. It would be far from exact to say that the two series 
have the same vitality; here the time factor or endurance is not 
taken into account. Hence to compare vitalities of two different 
series, both intensity and endurance must be represented. The 
method adopted (Calkins 1920) rests on the principle of reference to 
a common, ideal life cycle represented by a numerical constant. 
The number of generations%y division and the days of life of a 
series have a definite relation expressed by a percentage of such 
an ideal constant. Such percentages indicate the relative vitality 
of the different series and arc listed in column 2 of^the Table. 

With 1:hese percentages expressing relative vitality it is possible 
to compare different series in respect to%e effect of age of parents 
on the vitality of offspring. There is unmistakable evidence con- 
tained in the Table that offspring from old parents in the great 
majority of cases have a much lower relative vitality than do the 
parental series, or series from young parents. This is best illustrated 
by instances where two or more offspring series are taken off at 
different periods in the life history of the same parent. Such a 
sequence is illustrated by Series 2, 3, 6 and 8, all of which came from 
Series 1, and with a difference of 28.7 per cent in relative vitality 
between the first (Series 2) and the last (Series 8) offspring. Another 
striking illustration is shown by Series 7 and its two offsj)ring Series 
9 and 14; Series 9 came from Series 7 when the latter had lived more 
than half of its life and its relative vitality was about 15 per cent 
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lower than its parent. Series 14 came from the same parent when 
the latter had only 6 more divisions in its life history and the effect 
of its old age is shown by the relative vitality of ^.4 per cent of 
its offspring, Series 14. ’It is quite evident that the protoplasmic 
4 organization of the parent is not the same at the beginning and at 
the end of its life and that the effect of the change is indicated by 
the organization and activities of its offspring. Some interesting 
and perhaps significant surprises have turnra up however from' 
such old age conjugations and it is possible that mutations may 
arise at such times. Thus Series 19 came from parents that w;ere 
225 generations dd and with only 32 more generations to live. The 
expectation would be a low relative vitality for this old age offspring, 
but on the contrary it had a relative vitality of 110.4 per cent, the 
highest on record (see p. 580 for further consideration of this case.). 

In our experience it has been impossible to restore an extremely 
weak series to a vigorous condition by conjugation, all such attempts 
result in still weaker series. It is possible, however, to restore com- 
paratively weak series to full strength, a result which Woodruff and 
Spencer also obtained with Spaihidinm spathvla. This is well 
shown by Series 60 and 62, in which the relative vitality is raised 
from 70.3 to 96.4, or by Series 66 and 70, in which it is raised from 
69.1 to 95.0, etc. 

4. fiejaveneseenee Alter Parthenogenesis (Endomizis).— Woodruff’s 
long culture of Paramecium amelia furnishes an excellent illustration 
.of continued vitality through reorganization by parthenogenesis. 
The fiuctuations or waves in his graph (Woodruff 1921) indicate 
a series of depressions followed by increased vitality; reorganization 
occurs during the periods of depression. Different culture media 
have no effect in changing the frequeitcy of endomixis in time but 
may cause an increase or decrease in the number of interendomictic 
generations by divisions (Woodruff, 1917). According to Jollos (1916) 
external factors may call out parthenogenesis in Paramejpmm at 
any stage in the fife history, and according to Young (1917) sudden 
sharp changes of mediunf may bring on endomixis prematurely, 
but the sequence always lapses to the regular routine and usually 
by the next period. If endomixis does not occur the race invariably 
dies.' “This indicates strongly, if it does not prove that a periodic 
occurrence of the definitive endomictic phenomena is a sine qua 
rum for the continued life of the race” (Woodruff, 1917, p. 462). 

With Uroleptua mobilis the evidence for rejuvenescence through . 
parthenogenesis is of the same kind as that from conjugations. 
Reorganization without fertilization takes place during encystment 
and the cysts are formed early in the life history of a series (see 
p. 490). On emer^ng from its cyst the organism is treated ad 
though it were an ex-conjugant and the first .five individuals are 
. maintained as five pure lines of the series. Such series are indicated 



EFFECTS OF REOROANIZATION ON VITALtTY 665 

in.the Table, p. 560 by an asterisk. The vitality of the first sixty 
days of a cyst series is compared with that of the parent series for 
the sixty dayfi following encystment and the results are practically 
the same as with ex-conjugants. In some cases the cysts are kept 
dried for a period of weeks or months but this has no effect upon 
the vitality of the organism when it emerges. In all cases th^ 
evidence of rejuvenescence is the same as for ex-conjugants from 
young series. 

The general results of these experiments with UroUptvs rnoMlis 
leave little ground for reasonable doubt of the rejuvenating effect 
of conjuga^on. The view of Woodruff and Spencer (1924) that 
loss of vitality and death here are due to conditions of the milieu 
seems rather far-fetched when we consider that series after series 
with the similar sequence of renewed, waning, and exhausted 



Fio. 233 . — Naryamaba falcaia. (After Kofoid and Swecy.) 

vitalit}^ pass by in apparently endless successimi, and all in the 
same milieu so far as it is possible to \pake it the same, from the 
beginning of the experiments eight years ago to the present. It is 
quite a different question whether or not conditions of the medium 
can be so altered as to bring about the same results as conjugation. 
The explanation must be looked for in the pmtoplasinic hapi^nings 
at the period of conjugation or of endomixis (see Chapter XI). 
In both cases these result in a rearrangement of the chromatin and 
(^‘oplasm which according to Erdmann (1921) gives rise to new 
sets of autocatalyzers and new cytopla.smic matriees for their 
activation. • 

Nothing js known about the effect of encystment on vitality in 
the Sarcodina or Mastigophora. There is no a yrwri reason to 
doubt that as in ciliates reorganization is accomplished during 
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such stages in the life history. . The described ca^s of autogamy 
during en^ystment of Endamceba coli and Endamaha mwris (see 
Chapter XI), although the facts are doubted by mafly, is evidence 
in this direction. So also are the peculiar fertilization phenomena 
in Amaha diploidea (Fig. 230), or the presence of mitotic figures 
*in encysted Rhizopoda, for example Karyamaeha falcata (Kofoid 
and Swezy, 1924; Fig. 233). 

The general and philosophical aspects of the phenomena described 
above, particularly those pertaining to the so-caj^ed physical 
unmortality of the ciliates, are important or not according to the 
individual point of view. To my mind the phenomena in these 
forms lead to the conclusion that Protozoa and Metazoa are funda- 
mentally alike in respect to protoplasmic continuity and proto- 
plasmic death, the difference between them is bound up with our 
definitions of the “individual.” So far as immortality of Protozoa 
is concerned, Hertwig’s (1914) conclusions appear to sum up the 
situation: “However these investigations may turn out, one may 
say this now, that the doctrine of the immortality of the Protozoa 
in the form established by Weismann at a time when we did not 
know anything of the fertilization processes of the PrdVbzoa, 
cannot be retained. The beautiful investigations of Erdmann and 
Woodruff do not detract from my conception based on former 
work and repeated here, but furnish a new affirmation that death in 
imany-celled animals is the result of peculiarities which are present 
in everything that is alive, and that the life process contains within 
itself the germ of death and that the harm connected with it (death) 
may he postponed in Protozoa by reorganization processes. In 
many-celled animals however, these cannot be applied, the more 
the life of the single cell depends «n the total organization.” 
(Hertwig, 1914, p. 5^.) 

n. HEREDITY AND VARUTIONS IN PROTOZOA 

Owing to the relative sipiplicity of the organisms with which we 
are dealing there are few structural characteristics that can be used 
in a study of variations. Variations in size are often noted but 
these in themselves do not furnish reliable data, a DUeptus anser for 
example may be 250 microns in length or only 25 microns (Fig. 6, 
p. 28) according to the food it gets. Similar differences due to 
temporary conditions are evident in all organisms that are studied 
for a sufficient length of time. . In a mixed population, however, 
size differences may indicate fixed variations as was clearly shown 
by Jennings (1909) for Paramecium (Fig. 234). 

It is difficult tq distinguish between fiuctuating. or cyclical 
variations and germinal variations and the distinction cannot be 
realized where the germinal history is unknown. -The difficulty 
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zation was unchan)i;ed although the new double tj’pe of organism 
lived for four hundred and five days and divided 367 times. 

Variations due to environmental changes shoulcf'be retained as 
long as such changes are maintained. Thus Zuelzer obtained a 
very different type of organism by transferring Amceba verrucosa 
from fresh to salt water. The variation lasted as long as the 
organisms were kept in salt water but reverted to the original 
form on transference to fresh water again. Jennings (1921) cites 
a number of cases of bacteria in which the organizi^tion appeared 
to be permanently changed by a temporary change of drastic char- 
acter’ in the medium. Similar results have been obtained with 
Protozoa where adaptations or responses of the organism to solutions 
of gradually increasing concientrations or to slowly increa.sing tem- 
perature changes have apparently become permanent, or at least 
endure for many generations by division. Among the first, and the 
more extensive of such experiments, were those of Dallinger and 
Drysdale (1873) in connection with the life histories of different 
fiagcllates. Dallinger (1907) in particular, working with remark- 
able patienw* and pcrseverence for seven years was able to accustom 
three species of flagellates which are descrilied as TetramHils ros- 
tratiis, Monas dalUngeri, and Dallingeria drysdali to temperatures 
whicii are fatal to these organisms under normal conditions of 60® F. 
At the beginning of the experiment all individuals were killetl by 
a sudilen change to 78° F., but by accustoming them to slowly 
increasing temperatures acting for long periods they became 
adapted to this condition. Such adapted individuals were then 
subjected to further increases in temperature, the change from 
one degree of heat to another often requiring months of patient 
waiting. Finally he obtained iiidividjals which continued to live 
vigorously in a temperature of 1.58® F. Here was a change .in 
organization or an adaptation to changed conditions which persisted 
as long as the conditions were maintained and until an^accident 
brought the expSriment to an end. • 

Similar but less extensile experiments have l)een carried on with 
other Protozoa. Within the last decade Middleton (1918) and 
Jollos (1913, 1923) have tested the effect of increased temperatures 
on ciliates. Middleton (1918) separated progeny of an individual 
of Stylonychia pvstvlata into two groups one of which was kept for 
some thirty days at a relatively high temperature (about 30® C.) 
the othenat a low temperature (10® C.). The set at 30® C. divided 
more rapidly than those at 10® C. They were then transferred to 
a common intermediate temperature in which the previously 
warmed individuals continued, to .divide more actively than the 
cooled set. Evidence of the same type is furnished by the interesting 
experiments of Hartmann (1924) on Evdorina elegans and Goninm 
pectorale. By use of potassium nitrate and ammonium chloride 
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in the nutrient medium and under conditions of sunlight or of 
artificial light he was able to cause a change the thirty-two-cell 
• colony Etidorin% elegans into the flat, colonial sixteen-cell type of 
Gonium pectoraief and Gonium pectorale into Evdorina elegans. With 
return to the normal medium all such changed organisms reverted 
to their respective genotypes. 

Experiments of this type and others to be described below" show 
that changes in organization can undoubtedly be produced in 
Protozoa. If such changes are permanent they may be interpreted 
as mutations] if not permanent they have little more value than 
the fluctuating variations which accompany changes of metabolism. 
The great majority of changes which have been described are cen- 
tainly not mutations but illustrate the flexibility of protozoan 
organizations and broaden the limits within which fluctuating varia- 
tions are known to occur. Such variations ultimately revert to type 
and although they may last for many generations by division, they 
•have no permanent effect upon the organization. Jollos (19I»S) 
terms them ''enduring modifications’’ (Dauerniodificationen). 
Other frequently-cited illustrations of this type of variations have 
to do ^th the effects of minute doses of poison on the organi- 
zation. Some races of Trypanosoma for example, may beqomc 
adapted and immune to weak doses of arsenic— the so-called 
poison-fast, arsenic-fast, atoxyl-fast races first described by Ehrlich. 
Bignami (1910) thus interprets malaria relapses as due to quinine- 
fast organisms. Such modified types retain their immunity for 
long periods and through many successive generations of trans- 
plants but they apparently belong to this type of enduring modifi(‘a- 
tions. Gonder (1912) has shown that poison-fast races of Trypano- 
soma levdsi, lose their acquired immunity by passing through the 
rat. flea. Also races of Trypanosoma without parabasal bodies 
(Blepharoplastlose) first obtained by Werbitzski (1910) by injecting 
pyronin iyto the host’s blood, would live for many generations of 
transplants without this kinetic element, but the parabasal body 
ultimately reappears. Here too in all '^robability, belong the 
so-called mutations in Ceraimm vvltur described by Kofoid (JiSOS), 
and those in Radiolaria described by Haecker (1909) the observa- 
tions in both cases being somewhat casual and not followed up 
experimentally so that the matter of permanency is in doubt. 

The extensive experiments on Paramecium made by Jollos 
(1913, 1923), offer many illustrations of change in organization and 
subsequent return to normal, sometimes after many vegetative 
divisions, sometimes after endomixis, and again only after conjuga- 
tion. The effect of arsdnic acid calcium compounds, and extreme 
temperatures, were lasting through one or more periods of endomixis 
and conjugation, but such effects were ultimately lost. A significant 
fact however is the difference in effect produced by treatment with 
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arsenic or heat at different periods. If tinted during vegetative 
life the 4esults were as described above, i. e., temporary changes 
or enduring modifications. If treated during thfi later phases of. 
conjugation, that is, during the period of reorganization of the 
ex-conjugant (Jollos calls it the “sensitive” period) then the effects 
were found to be permanent in a very small percentage of cases. 
Such changes are evidence of a change in the organization itself, 
or in the genotype, and were found to be lasting for generations 
by conjugation. Jollos is apparently right in speak^g of such cases 
as mutations. 

In this connection also we should include the numerous attempts 
to perpetuate abnormalities in Protozoa. Popoff (1909) by centri- 
fuging Stentor when about to divide produced individuals in which 
the original beaded nucleus was unequally distributed, one 
individual receiving 16 beads the other only 3. Both individuals 
reorganized perfectly after fusion but the one with 3 beads was 
about one-quarter the size of the individual with 16 beads. Tha 
two types were persistent and divided normally for a short time, 
the pn)geny of the smaller form regenerating the normal number of 
beads. The cultures were then lost so that the furtheP'history 
is unknown. In another case a dividing Stentor was suddenly 
cooled so that the division processes ceased. The individual was 
then placed under conditions of normal temperature, conditions 
where it reorganized into a single but very large individual. From 
it a race of giant Stentors was obtained % reproduction, the indi- . 
viduals breeding true for a period of about six weeks. An analogous 
experiment by Chatton (1921) was made on the ciliatc Glaucoma 
scintiUans, by treating individuals in the early phase of division 
with a dilute solution of sodium bromide (16 to 1000) for ten minutes. 
The division processes were hastened by the change in osmosis 
and when nearly divided the individuals were restored to their 
normal medium where the division planes were lost and the two 
nearly divided halves were again resolved into one. In t£is manner 
Chatton obtained individuals with two mouths, several micronuclei 
and only one macronucleus each. On reproduction some' of the 
offspring were similarly distomous, while some, as with the Uroleptus 
mobilis double individual, reverted to the single type. The double 
individuals were maintained in culture for a period of five months 
(sic) when they were abandoned, Chatton believing that they might 
be continued indefinitely by division. Analogous double individuals 
were obtained by Dawson (1920) by the fusion back to back of 
amicronucleate individuals of Oxytricka hymenoatama. The double 
individuals reproduced double individuals for 102 generations by 
division. Dawsqp’s monsters ultimately died. The permanence' 
of Chatton’s Glaucoma sdntillans may well be questioned and it is 
unfortunate that he discarded the race after only five months of 
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cultlire. The double Vroleptus at the age of five months was more 
vigorous than at the outset, but like all other series of Uroleptm it 
ultimately died. • It lived and reproduced however for more than 
fourteen months (see p. 465). 

Similarly with mutilations. The mutilated portions are passively 
handed down to progeny by division, but the organization is nut 
affected and in the course of a few divisions the normal type is 
regenerated. This was demonstrated by Jennings (1908) and con- 
firmed by Gallons and by Peebles (1911, 1912) in cutting off the 
anterior or posterior end of Paramecium leaving a truncated indi- 
vidual which Aid not regenerate but divided to form a perfect 
individual from the posterior end and a truncated individual from 
the anterior end (Fig. 103, p. 219) ; after a few divisions both ante- 
rior and posterior individuals were perfectly normal. Abnormal 
projections* such as spines or clefts in the cortex, etc., are likewise 
passively transmitted to descendants by division for a limited time, 
but no permanent change in organization is brought about. 

In general the upshot of all experiments with poisons, heat, ab- 
normalities, etc., is failure to modify the organization of Protozoa 
in- any |)brmanent manner. The experiment of Jollos of treating 
Paramecium at the time of reorganization is, however, a possible 
exception. 

Modifications of the organization which arise from within the 
organism itself, on the other hand, may be permanent. Such 
modifications are possible through the sifting out of germinal 
characteristics in. the course of continued metabolic activity and 
division. Some are manifested by morphological characters which 
afford a basis for selection on the part of the investigator. Experi- 
ments to this end have been carried out mainly by Jennings and his 
associates. The underlying principle in such selection work is that 
a single individual from a “wild” population is the result of a great 
number of hereditary characteristics stored up in the pa.st through 
amphimixia and united now in the organization of the single indi- 
vidual. Such an individual, if cultivated u«ider uniform conditions, 
gives ri.se to progeny showing diversities in structure’ or function 
which are probably ancestral characters. The extreme individuals 
showing such diversity are selected and bred independently. 

Jennings has clearly shown that such differences are characteristie 
of all the pure lines he has studied and his findings have been con- 
firmed by Root (1918) for Centropyxis aculeata; by Hegnev (1919) 
for Arcdla dentata; and by Re>7iolds (1923) for Arcella polypyra. 
While the fundamental character (genotype) of a race is maintained 
there are minor differences in organization which may or may not 
be manifested by structural peculiarities. This is strikingly shown 
in Jennings studies on corona (1916) a favorable form since 

the characteristics of the shell can be measured or counted and the 
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structure does>not change after it is dnce form^. In such a study 
Jennings says the method of evolution by slow and gradual change 
rather than by sudden jumps or mutations becoihes visible. “We 
begin to exercise selection within the single family. On the one 
hand we select all the long-spined individuals and place them 
together; on the other hand we select all the short-spin^ ones and 
place them together. In the long-spined group we continue to 
save for generation after generation only the individuals that are 
long-spined; in the short-spined group only the offspring with short 
spines. In the same way we select other sets for numerous spines 
and for few spines; for large shells and for small shells; for many 
teeth and for fewer teeth. 

“And now as we keep this up for generation after generation we 
find that the correspondence between parent and progeny I)ecomes 
more and more marked. We find that our single family. is breaking 
up into many different groups Which differ from one another heredi- 
tarily. We get finally what appears to be two diverse races- . 
one with long spines, the other with short spines— the difference 
continuing for generation after generation. A third set has con- 
stantly large shells, while others consistently produce sm%tl shells. 
W^ also get stocks hereditarily different for numbers of spines; and 
for numl^rs of teeth. Our single stock derived by fission from a 
single parent, has gradually diversified itself into many stocks that 
are hereditarily different. If this is what we mean by evolution, we 
have seen evolution occur” (Jennings 1921, pp. 75-78). 

In a similar manner Root (1918) and Hegner (1918) studied 
uniparental inheritance in Centropyxis aculeata and in ArceUa 
dentata and obtained results of the same nature. External agents 
(lack of food, salts, temperature, ^stc.) may bring about similar 
variations in size of shell, numbers of spines, etc., which persist as 
long as the conditions are maintained (Hegner, 1919). From this 
it appears that external conditions may inhibit the expression of 
germinal factors, but not permanently. _ <■ 

The interpretation aagiven by Jennings of these clear-cut results 
appears to be fundamentally sound and its significance is not les- 
sened by the chromidia problems which are associated with all of 
these testate rhizopoda. If as generally believed, the chromidia 
give rise to germ nuclei there is some chance of this hereditarily 
important chromatin being unequally distributed at cell division, 
for the>mas3.of chromidia is not halved with the same precision as 
is the chromatin of the nucleus or nuclei. ' ’ Whether or not chromidia 
are responsible the interesting fact remains that demonstrable 
variations in organization occur with continued reproduction. It 
remains to be determined, however, whether the<' variations will 
still breed true after endogamous fertilization and reorganization, 
or will revert to the form of the original wild individual; than only 
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will the matter of permanency of the changed oi^anizlEition be 
settled. Jollos ^1924) exercising selection in Arcella mlgari^s^ 
fircella discoides, and Arcella polypora obtained abnormalities in 
parents and offspring which he interpreted as due to environmental 
conditions especially to the accumulations of metabolic waste. 
With cultivation under better conditions of the medium such abnor- 
malities gradually disappeared with reversion to the normal. 

Further evidence of the sorting out of mixed characteristics was 
given by Calkins and Gregory (1913). The first 4 of the individuals 
formed by an ex-conjugant of Paramecium caudaium were individ- 
ually isolated and the history of their progeny was followed out in 
32 pure lines, 8 from each of the original 4 individuals. The history 
of these 4 strains in one experiment is condensed in Fig. 235. Rire 
lines that died are indicated by X and the 4 sets of 8 lines each 
came from the 4 individuals A, B, C, and D. Physiological differ- 
ences in the progeny of these 4 are indicated by the division-rates 
• and by the ability to conjugate, the progeny of A for example giving 
epidemics of conjugation at each test while similar tests gave no 
conjugations in the progeny of B, C, and D until nine months of 
culture and then in very small numbers. Similar variations in size 
were characteristic of the different quadrants. It is possible Ijiat 
such results are due to the segregation of germinal materials during 
three metagamic divisions of the amphinucleus, each of the original 
four cells receiving a different combination of macro- and micro- 
nuclei. 

Selection on the basis of physiological activities alone is not 
always satisfactory in results. Middleton (1915) for example, con- 
tinually selecting progeny of Stylonychia for rapidity and slowness 
of division obtained two sets \s^th what he regarded as an inherited 
difference in rates of division and the permanence was tested by 
conjugation— the ex-conjugants being followed for fifteen days. 
“Thus,” Ijp concludes, “it is clear that the heritable difference in 
fission-ratef brought about by selection during vegetative reproduc- 
tion is not lost when the animals conjugate, but persists through 
that ordeal” (1915, p. 497). Not only was the period of observa- 
tion of ex-conjugants too short for a conclusion of such importance 
but the actual results justify an opposite conclusion. From his 
table we learn that 60 ex-conjugants from “fast” lines divided 
1297 times in fifteen days, while 60 ex-conjugants from “slow” lines 
divided 1310 times during the same period. That is, his cHrefully 
selected slow lines after conjugation actually divided more times 
than did the sele(!ted fast lines. His remarkable conclusion was 
apparently based on thrf fact that on 3 of the 5 three-day periods 
his fast lines (Kvided a little more rapidly than di<l the slow lines 
but not fast enough to overcome the lead obtained by the slow lines 
during the first two periods. 
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In general till results that are based upon physiological differ- 
ences riiust be cautiously interpreted. Thus with Urdeptus mobilis 
individuals from the progeny of single ex-conjugants may be se- 
lected at appropriate periods to show marked differences in divi- 
sion-rates. One ‘such individual may reproduce at the rate of 



Fio. 2.‘J5. — Variations in the progeny of a singlt; ox-conjuKant of Paramecium 
caudalum. (After Calkins and OreRory.) 


17 divisions in ten days; another individtfal from the same line will 
rcpnaluce at the- rate of <S divisions in ten days, and a third may 
divide at the rate of only 2 divisions. One might erroneously 
argue that these individuals represent the sifting out of an heredi- 
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tary complex and the argument would apparently te supported by 
results of conjugation between individuals of each set. In*the first 
•set the high diviSion-rate would appear to be inherited; in the third 
•set the low division-rate in most cases would appear to be inherited 
but such series invariably die. The real test is shown by conjugation 
in the second set which results in optimum division-rates. In such 
sets of progeny, as shown above, the differences in vitality of the 
offspring through conjugation are due to differences in vitality of 
the parent. With low vitality of offspring from old i)areuts it might 
be argued that here is an example of the inheritance of an acciuircd 
characteristic whereas it is merely a matter of general vitality. 

B. Biparental Inheritance.— Through amphimixis there is a possi- 
bility of introducing changes in the organization of a species from 
within. The new amphinueleus is a new creation and its interac- 
tion with the cytoplasm must differ from previous intiTaetions. The 
cytoplasm is also different in cases of merogamy an<l in cases of 
Conjugation. In merogamy there is a fusion of cell bodies as well 
as of nuclei; in conjugation the old macronucleus a prcKluct of the 
old amphinueleus, is distributed throughout the cytoplasm and 
absorbeJT. As a result of the intera(?tions of new nucleus and new 
cytoplasm, new structures and new activities or changed ac'tivjties 
may ensue. 

While a priori su<?h origination of variations in Protozoa is a 
logical consequence, as a matter of fact it has been rarely obs(^r\'ed 
in Protozoa. Here genotypes as well as fixed and congenital varia- 
tions usually vary little from the fluctuating variations of a species. 
The remarkable fixity of the geuotjT^e is indicated by the world-wide 
distribution of the common species, and is clearly demonstrated by 
long-continued cultures of any ftiven species. Mtality also is remark- 
ably constant as illustrated by WoodrulPs long cultures of Para- 
mecium aurelia, by Hartmann's culture of Kudorina degavft, or by 
cultures o^ Urolepius mohilis in which the average nJative vitality 
of the first 12 series representing the F to F 4 generations by con- 
jugations was 8 S per cent and the relativ’f: vitality of a recent set 
of series representing the Fig to the F 22 generation, was 85.() per cent. 
Here although there was an interval of six years between the two 
sets compared, the vitality remains practically the same. 

Despite this constancy there is some unmistaka})le evidence of 
variations in the Protozoa. There is also, considerable evidence 
that has been misintcrpretatol as mutations. Among thf; latter, 
abnormalities in reorganization may be responsible for apparent 
mutations. Thus a bi-micronucleated, short, race* of Paramecium 
caudatum was obtained "as a result of conjugation of two normal 
individuals (Calkins, 19(X>). Its two micronuclei, shortened bcnly 
and rounded posterior end were characteristic of Paramecium 
aurelia and the latter was erroneously interpreted as a imitation 
of Paramecium caudatum. The aurelia characters persisted for 45 
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generations by (division when they were lost and reversion to the 
caudatum type occurred, presumably during a period of endombds. 
In like manner we may account for the amicroiiucleate races of. 
many ciliates (Hancej Moody, Dawson, Woodruff, etc.), the amicrp- 



Fia. 2?)6. — CMamydomanaa and Mondolism. ono species of Chlamydomonaa; 
B, a second species; A* gamete of A; B* gamete of B; ^4.4, union of gametes of typo 
A; BB^mxionoi gametes of type B; AB, union of gamete of ^I'with gamete of B; 

CAA, (ryst formed by union of A gametes; CBB^ cyst formcc| by union of B gametes; 

CAB, cysts formed by union of gametes from A and B; FtA, one of the four product's 
of the cyst CAB, and like A; FtB, one, like B; FtAB, two individuals of the four 
with combination of characters of A and B. (After Pascher.) 
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nucleate condition persisting for many generation^ but ultimately 
ending in death since failure to conjugate is characteristic of such 
^ races. These a*e evidently not cases of mutation but temporary 
abnormalities resulting from imperfect reorganization. 

Variations following from Mendelian segregation have been 
repeatedly described among higher animals and plants; with Proto- 
zoa they are limited to one single case, describecl by Pascher (1910, 
1918). Two different but not fully identified species of the phji;o- 
flagellate Chlamydomonas were cultivated in rich cultures. One 
of these (A) was characterized by a pyriform body, lateral, single 
chromatophore with lateral pyrenoid, two rather long, equal flagella, 
and a narrow dash-like stigma (Fig. 230). The other species (J5) 
was more spherical and was characterized by a basal, single, chroma- 
tophore with basal pyrenoid; rather short flagella and a swollen 
stigma (hjg. 236, B). Both types reproduce by longitudinal 
division, and under appropriate conditions both types form iso- 
gametes. The differences in the two sets of gametes are of the 
same type as the differences between A and B (Fig. A\ B'). Fer- 
tilization is total (merogamic) and there is but slight difference 
manife.^>ijed by the two types. Gametes of A shed their thick mem- 
branes on fusion, the old membranes remaining attached to the 
zygote as appendages (Ohrehen); gametes of B have a delicate 
membrane which is retained on fusion. The zygotes of the two 
species are also different; that of -1 is covered by a membrane 
ornamented by many conical vrarts {CAA, CBB); that ot B is 
covered by several layers of smooth membranes. On germination of 
the zygotes 4 individual swarmers with the characteristics of their 
species emerge from both types of zygotes. Reduction in number of 
chromosomes evidently occun^ in the zygote so that the ordinary 
vegetative individuals are haploid, the zygote alone diploid, and the 
4 resulting swarmers are likewise haploid (zygotic reduction). 

Pascher succeeded in crossing gametes of A and R, the het(To- 
zygotes lutying characters intermediate between thou* of tlu? zygotes 
of A and B (Fig. C,AjB; C,B,B), On gj^rmination these hetero- 
zygotes gave rise to 4 different kinds of swarmers; 1 was like A, 
1 like B and 2 were mixed as indicated in Fig. 236, and shown in 
the following table from Pascher (1918, p. 16f)). 



Form. 

Membrane. 

Chromatophore. 

Stigma. 

Chlamydomonas A 

Spherical or 
pyriform. 

Delicate; no 
papilla. 

Lateral. 

Narrow. 

Chlamydomonas B 

Spherical. 

Thick: with 
papilla. 

Basal. 

Broad. 

• 

1. Pyriform. 

Delicate; no 
papilla. 

Lateral. 

Narrow. 

Swarmers from 

2. Pyriform 

Delicate; no 
papilla. 

Basal. 

Broad. 

heterozygotes. 

3. Globular. 

Thick; with 
papilla. 

Lateral. 

Narrow. 


4. Globular. 

Thick; with 
papilla. 

Basal. 

Broad. 


37 
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We have herf a clear case of Mendelian segregation and a par- 
. celing-out of the germinal make-up in a definite Mendelian ratio 
which Pascher confirmed by direct observationfc in 5 different, 
cases and by mass cultures in 8 others. The parental characters 
are sifted out and recombined to give organisms of a type different 
from either parent. In a single operation, and evidently through 
meiosis and fertilization, results of a similar nature to those obtained 
by Jennings after prolonged selection, were obtained. 

Reference has already been made to the complete and elaborate 
studies of Jennings (1913) on inheritance as it applies to reju- 
venescence (supra p. 556) and we refer here only to his results in 
regard to bi-parental inheritance (see also Jennings and I.Ashley 
1913). No exception can be taken to the general conclusion that 
“Conjugation results in bi-parental inheritance” (Jennings and 
Lashley, p. ,451). There is reason, however, for not accepting the 
experimental evidence that is adduced in support and proof of 
the conclusion. By experiment, observations, and use of bio-, 
metric methods, Jennings studied elaborate data of conjugants, 
“split” conjugants, ex-conjugants and non-conjugants of Paror 
mecium caudatum and Paramecium aurelia in respect *40 size, 
division-rate, abnormalities and mortality. He found that mortality 
is much higher in ex-conjugants than in non-conjugants or in split- 
conjugants; that the division-rate of ex-conjugants is uniformly 
less than that of non-conjugants or split conjugants; that abnor- 
malities are more frequent among ex-conjugants than among non- 
conjugants or split-conjugants and that variations in respect to 
these “heritable” characters are greatest among the ex-conjugants. 
As to size there is no evidence at all: conjugationg individuals were 
shown by biometric methods to bee smaller than non-conjugants 
of the same race (this is likewise true of most ciliates) but their 
progeny were not smaller. The best evidence given for his con- 
clusions lay in matters of mortality, division-rates, abnormalities 
and variations ^)f ex-conjugants. Dobell (1914) has pdmted out 
some of the logical difficplties in connection with these studies but 
a more fundamental objection lies on the technical side. Quoting 
from Dobell: “But as Jennings himself points out 'conjugation 
increases the variation mainly toward the lower extremity of the 
range’— that is, the effect of conjugation is to retard the rate of 
fission. Is not this merely another aspect of the same condition 
which isiotherwise manifested as ‘high mortality’ and ‘loss of vigor’ 

* after conjugation? Jennings’ Experiment 6 seems to me the key to 
the matter. ‘This experiment as a whole shows the .fact that after 
conjugation the organisms are in a condition such that many may 
die, while those that have not conjugated live; and t,he further fact 
that the rate of reproduction is made slower by conjugation, remain- 
ing in this condition for about two months’ after which it has 
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‘regained about the usual rate.’ If the result o&this experiment 
may be regarded as typical, then it indicates that the lowering in 
, fission followidi conjugation is transient, recovery occurring sooner 
or later. It is demonstrated that after conjugation the organism 
and its progeny are weaker, or less resistant to external conditions 
(shown by higher mortality, lagging fission-rate, unstable size, ' 
abnormalities, etc.), for a certain time; and that complete recovery 
to the normal state preceding conjugation occurs subsequently; but 
I find no proqf that from a race with a given fission-rate, another 
race with a permanently different fission-rate has arisen as a result 
of conjugatidh” (Dobell, 1914, p. 173). 

The source of the difficulty with Jennings’ conclusions lies in 
the cause of the transient lowering of the division-rate, of the 
increased mortality and of the increase in the number of abnormali- 
ties. Jeunings finds the cause in bi-parental inheritance and in 
“incompatible combinations’’ at amphimixis, but a more probable 
• cause, as Dobell intimates, lies in the conditions of the experiments 
and, as there is reason to believe, in the use of a culture medium 
which is unsuitable for Paramecium during the critical reorganiza- 
tion p^od after conjugation (see Calkins, 1923). It is unnecessary 
to repeat here all of the evidence for this conclusion but the nature 
of the evidence is indicated by the fact that mortality after conjuga- 
tion between individuals recently brought into the laboratory is 
about 20 per cent to 30 per cent while after conjugation between 
individuals that have been cultivated many weeks on the standard 
medium used by Jennings the mortality rises to 94 per cent (Calkins, 
1904), or in some of his own cultures from 38 per cent to .59 per cent. 
If there is such high mortality among ex-con jugants we should expect 
to find amongst those which«were not killed a large percentage of 
individuals with lowered division-rates, of abnormalities, and an 
increased variability in these respects, without calling upon incom- 
patible combinations to explain them. 

Exceptfor one case of real mutations described Below, there is no 
experimental evidence to indicate that«permanent variations in 
Protozoa arise in any such abrupt manner as Jennings descril)es. 
In long-continued cultures changes of organization do occur; such 
changes are sporadic at first but gradually they predominate until 
the original character becomes sporadic. This, for example, is the 
case with one of the morphological features of Uroteptus mobilia. 
In the early series the number of macronuclei was almost uniformly 
8 (Fig. 1), but an occasional individual was found with more than 8 
(up to 10 or 12). In the later series the number has become almost 
uniformly 14 to 15. It is impossible to tell when the change occurred 
as it has beei> so gradual; inbreeding has been strictly adhered to 
in every series and each series coming from a single ex-con jugant 
has shown more or less variation in this respect. 
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Also there has* been a slow but decided change in the extent of 
rejuvenescence after conjugation. The average division-rate per 
individual per series for the first sixty days of life^of the first 50 
series was 15.7 divisions in ten days; for the last 50 series it has 
fallen to an average of 13.1 divisions per ten days. While this 
would apparently indicate a weakening of the organization of 
U roleptvs, such is not the case, for along with this change in intensity 
has gone a change in the length of life in division days. The 
average length of life of the first 60 series was two, hundred and 
ten days of the last 60 series two hundred and sixty-three days. 
The relative vitality has not changed although there has been a 
slight change in the manifestations of that vitality. The initial 
sixty days is no longer always the period of optimum vitality as was 
the case originally, but the period of greatest vigor now occurs 
after from one hundred to one hundred and twenty daysi and this 
vigor is retained for a longer stretch of the life cycle (Fig. 232). 
Such changes are gradual and imperceptible and are demonstrable 
only by an analysis of a mass of accumulated data. 

While the above conclusion is true for Uroleptus generally, it 
does not preclude the possibility of sudden sports or mulStions. 
Thes^ might well be expected in a succession of more than 100 
fertilizations. While no morphological changes have occurred in 
this manner some evidence is afforded by abnormally vigorous 
series and by exceptionally weak series. The former are represented 
by Series 89, 19 and 45 (see Table, p. 560). The fir.st of these 
(Series 89) lyith a relative vitality of 103.6 per cent was the double 
organism already described (p. 465). This can scarcely be called 
a mutation although it was a real case of merogamy with double 
amphinuclci, and the zygote continued to breed true by uniparental 
inheritance for 367 generations. It never formed cysts and never 
conjugated but died after four hundred and five days of life. Series 
19 with a relative vitality of 110.4 per cent was quite unmual. It 
lived for five hundred and ninety-eight-division days and' divided 
597 times and its* curve •of vitality was of an entirely different 
type from other series of Uroleiitus (Fig. 237). It arose as a third 
generation of a set of old-age conjugations and a relatively low 
vitality was to be expected. The opposite result must have been 
due to some combination possibly associated with conjugations of 
old parents and grandparents. Its peculiarities were not handed on 
to its prftgeny (&ries 41, 43 and 44). It is possible that Mast’s 
(1917) “mutation” in Didinium nasvtum and Woodruff’s long-lived 
series of Spathidi'um spaihula were analogous cases of unusual 
germinal combination (Woodruff and Modre, 1924). We do not 
agree with Woodruff in interpreting our Series 19 as he does his 
unusual race of Spathidium as due to a fortunate aggregate of 
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suitable but mysterious environmental conditwns which w’ere 
absent in all other series. 

Series 45 wifh a relative vitality of 105.1 per cent was another 
and a similar case of unusual combinations. Like Series 19 it came 
from a parental series of low vitality (Series 39, vitality 48.9 per 
cent) and was exceptional in having a high division-rate over a^ 
long period. Its peculiarities were not handed on to its offspring 
(Series 53). 

Other extraordinary combinations resulting in abnormally weak 
series may also be regarded as incompatible combinations. These 
are charactertzed by having both low initial and low general vitality, 
the most extreme cases coming from parents of extremely old age. 
They are of no experimental value for they quickly di^ out (s^e 
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Fig. 237 . — Uroleptus mohilis; vitality graph of Series 19. 

• 

Table, p. 560). It is significant that these exceptional cases all 
came from old-age individuals with differentiated protoplasm 
through long-continued metabolic activity and cell division. It 
appears to be a period when unusual combinations are possible, 
as with Series 19, 45, etc. It may have been such combinations 
which resulted in Prandtl’s (1906) instances of Didininm nasntum 
in which zygote nuclei develop into macronuclei without differentia- 
tion of micronuclei, or of amicronucleate races generally (Patten, 
1921). . ^ 

Apart from the macronuclei, and type of vitality, there is no 
evidence of .a permanent change of the genotype in Uraleptvs 
mobilis and there is no evidence at all of permanent mutations, and 
the same conclusion applies to so-called mutations in Protozoa 
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generally with the exception of ChiMon uncinatvs described by 
MacDougall (1925). The race of Paravtecivm with an increased 
number of contractile vacuoles described by Ilaifce (1917) may 
prove to be another example; or changes in organization of Para- 



Fia. 238 . — €hilodon uncinatus; third division and interchange of nuclei of diploid 
(A) and totraploid (B), stock. (After MacDougall.) 

medum which were due to heat applied during the “sensitive” 
period of reorganization after conjugation and wluch persisted 
through five successive generations by conjugations, may be still 
another (Jollos, 1923). 
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A single individual of Chilodoji unnmtns •was isolated by 
MacDougall (1925) in December. Its progeny were maintained 
in pure line cuftures until lost in June. In May, larger forms ap- 
peared in the cultures and these increased until they out-numbered 
the smaller forms few of which could then be found. Cytological 
examination showed that the larger form was morphologically ‘ 
identical with the smaller form, with the exception of the micro- 
nuclei in whi(?h the chromosomes ’were eight in number as against 
four in the snviHer form. MacDougall worked out the meiotic divi- 
sions for both types and found a similar history in both (Fig. 238) 
and correctly interprets the tetraploid form as a mutant from the 
ordinary diploid type. 

The Protozoa, finally, cannot be regarded as simple organisms 
which may be changed in structure or function at will. Each type 
has a reinarkal)le tenacity of life which we believe is the same as 
organization and which may be temporarily modified by environ- 
mental changes but in whic^h permanent changes are rare and 
when they occur must come apparently from within. Life or 
organization on the one; hand, is (fontinuous and has been handed 
down trom the indefinite past to the species which we know today 
through their ancestors. Vitality on the other hand is discontinuous 
and variable and is manifested by the sum of activities whiefi take 
place in the organization at any time. Death is not of necjcssity 
the cessation of vitality but the disintegration of the organization 
after which vitality is impossible. 
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101, p. 213^ division, Fig. 100, p. 214 
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Adaptation to poisons «nd tempera- 
ture, 568 • 

Addea, classification, 437 
Adeleids^, characteristics, 437 
Adinida, characteristics, 278 


Adoral zone, 147 
Aegyriaf Key, 405 
Aetnalia, 331 
tAgamete, 418 
Agamogony, 236, 416 
Agamont, 416 
Agglomerations, 515 
Agglutinins, 192 
Aggregataf characteristics, 441 

eherlhi, chromosomes. Fig. 222, p. 
532 

Aggregatin®, characteristics, 441 
Ai^ryomastigonts, 293 
AHogromia^ Key 361 

oidfortnej Fig. 87, p. 178 
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Andatrum, Hey, 407 
Ancora, characteristics, 429 
AheyromonaSf Key, 309 
Ancyrophoraj classification, 432 
Anf^ideystina*. characteristics, 441 
A^docystiSf classification, 441 
AnimalculsB, 17, 363 
Animals and plants, 250 
Anisogametes, 495, et aeq, 

Aniaonema^ Key, 307 
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contrioles, Fig. 37, p. 80; Fig^, 
47, p. 96 

Boclonida*, characteristics, 292 
BodopaiSy Key, 308 
Bolivinay classification, 356 
BolelluSy classification, 459 
Bothr^/psisy classification, 431 
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CentropyxiSy acuUatay centrioles, 80 
Key, 360 
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sp. Fig. 236, p. 576 \ 
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Coplodendridaj, characteristics, 349 
CodoapoHdium, classification, 4o9 
Coelozoic parasites, 197 
Ccenomorpha, Key, 408 

meduaida, Fig. 174, p. 391 
Colacium, Key, 306 
Cohorhynchua, classification, 431 
Ccilepa hirtua, Fig, 65, p. 128; Fig. 164, 
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CoUineUa, Key, 403 
Collinia, Key, 402 
Collodaria, characteristics, 344 
CoUoderma, Key, 351 
Cdlodictyum, Key, 305 

iricUuUum, Fig. 62, p. 119 
Collosphseridse, characteristics, 344 
Coloni^, 18, 36 


Colors in Protozoa, 201 
Colpidium, Key, 406 
Colpoda, Key, 406 
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ComairichajKey, 352 

nigra, Fig. 146, p. 328 
C(metoidea, classification, 432 
Commensals, 196 
Composite motile organs, 147 
Concharidse, characteristics, 349 
Cmchophthiritia, Key, 407 
CoTidyloatoma, Key, 405 
Conjugant meiosis, 5^ 
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Cothumina, characteristics, 397 
Contractile vacuoles, 41, 161 
function, 169 
membrane, 171 

Contractility hypothesis of cell divi- 
sion^ 204 

Coordinating fibers, 108 
Copromaatix, Key, 311 
Copromyxa, Key, 350 
Copulation, 496 
Comuapira, classification, 355 
type of shell, Fig. 17, p.t* 38- 
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Cortical differentiations, 128 
Corycella, classification, 432 
Corythion, Key, 361 
Cothumia, Key, 412 
CouncUmania, Key, 357 
lafleuri, Fig. 110, p. 229 
Craigia, Key, 367 
Cranotheridium, Key, 403 
Craspedotella, Key, 305 
Craierium, Key, 361 
Cr6hcent stage, 520 
Cribraria, Key, 352 
Cribrostomum, classification, 356 
Cryalallaria, classification, 355 
Crithidia euryophihedmi. Fig. 48, p. 97 
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aubvlata. Fig. 138, p. 289 
Crytobia, Key, 310 

parabasal. Fig. 47, p. 96 
CryptobiidiB, characteristics, 292 
Cryptochrya, Key, 302 
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Cryptodifflugia, Key, 359 
Cryptoglena, Key, 306 
Cryptomonadida, characteristics, 366 
CrypUmonaa, Key, 302 
Crypioaporidium, classification, 439 
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CryatalloappT^t classification, 440 
spore. Fig. 184,^0. 434 
Ctenostomidffi, characteristics, 388 
Cucuriitdla, Key, 360 
Cyanamanaa, Key, 302 
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CffcUhomastix, Key, 312 
Cpathomonaa, Key^ 302 
CycUitnmina, classification, 356 
Cyclical differenKations, 488 
Cydidium, Key, 407; Fig. 169, p. 385 
Cydochmta, Key, 411 
Cydonexia, Key, 300 
Cydopoatkivm bipalmaium, spermato- 
zoa, Fig. 213, p. 517 
Cyclosis, 40, 143 
Cydoapora, classification, 439 
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Cydotrichium, §igaa, Fig. 74, p. 145 
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omtum^ liiig. 166, p. 379 
Cyphoderia, Key, 361 
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Cyrtolophoaia, Key, 406 
Cyrtophora, Key, 299 

pedicellata, Fig. 94, p. 200 
Cyatohic^ classification, 428 
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CytoplaJInic reorganization, 223 
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Cytozoic parasites, 197 
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Dactylophorua, 430 
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Key, 406 • 
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Daaytricha, Key, 407 
Defecation, 193 
Dendrocometea, Key, 414 
Dondro6b|petiaa}, characteristics, 400 
Dendrotnonaa, elegana, Fig. 159, p. 368 
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Dendroaoma. Key, 414 
DendrosommaB, characteristics, 400 
Dendrotuba, classification, 354 
Derepyxia, Key, 299 
Derived organization, 165 
Dermacentroxenua, description, 445 
Deamarella, Key, 309 
Desmothoraca, characteristics, 321 
Deutomerite, 246, 423 
Devel()f>ment, 245 

Deveacavina alrUda, parabasal. Fig. 47, 
p. 96 • • 

Key, 312 
Diaduea, Key, 

Dianema, Key, 353 
Diaphoropodon, Key, 361 


Diaapora, classification, 440 
Diatomin, 50 • 

Dicnidea, characteristies, 459 
DidydicBihalium, Key, 353 
Dictydium, Key, 352 
Didyocha, Key, 301 
Didyocyala, Key, 409 
Dictyomyxa, Key, 350 • 

DictyosteliciaB, characteristics, 330 
Didyoatelium, Key, 350; Fig. 147, p. 329 
Diderma, Key, 351 

Didinium naavium, conjugation. Fig. 

. 216, p. 523 

^ feeding, 154, 178 

/ Fig. 88, p. 179; Fig. 89, p. 180 

Ke^ 404 

Didymium, Key, 351 
Didymophyidsc, characteristics, 430 
Dientamceha, Key, 357 
Differentiation with metabolism, 166 
Diffluence, 29 

ta, Fig. 155, p. 360 
ey, 360 
LHfflugiella, Key, 359 
Diffuse infiltration, 448 
Digestive fluids in Protozoa, 186 
DUeptua, anaer, distributed nucleus 
and division. Fig. 58, p. 116 
effect of beef broth, ^9; Fig. 

24, p. 61 
nucleus^ p. 56 

starvation effect. Fig. 6, p. 28 
gigaa, Fig. 157, p. 365 
Key, 405 

Dimorpha, Key^ 308 

mutana, axial filaments, 103 
Fig. 12, p. 34 

Dimorphic nuclei, general, 69 
origin, 72 
Dinema, Key, 307 
Dirmnympha, Key, 312 
Dinohlyon aerluloria, 22 
Fig. 126, p. 259 
Key, 300 

Dinoflagcllatcs Miith reduced epitheco?. 
Fig. 70, p. 136 

Dinotragellida, ^characteristics, 267 
Dinomoriaa, Key, 310 
Dimphrya, Key, 404 
Dinophysidse, characteristics, 277 
Dinophyaia, Key, 304 
Dinospores, 274 

Diophrya, apmmliculalua, Fig. 79, p. 
151 

Key, 411 • • 

Diplocercomonaa, Key, 311 
JXplochlamys, Key, 358 
Diplocyatia, classification, 429 

achneideri, zygotic meiosis, Fig. 
223, p. 533 

Diplodinium, conjugation. Fig. 213, p. 
517 

ecavdalum, 19 
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DipiodiniunL Fig. 2, p. 20 
"HkCyf 400 
Diploid raoeHy 583 
Diplomita, Key, 310 
Dijdonympha, Key f 312 
Dijdaphryst Key, 362 
Diplonga, Key, 310 
% aocUuU, F&. 82, p. 156 
Diplovigopsis, Key, 310 
Discoidse, characteristics, 344 
' DUcamorpha, Key, 405 
Diacophora, Key, 413 
Diacophrya, Key, 402 
Discophryidse, characteristics, 300 ^ < 

Diacorbina, classification, 356 • 

Diacorhynchua, classification, 431 
Diacoaphaara, Key, 301 
Disorganization, 524, et aeq, 
IXatej^nt^apeculum, Fig. 128, p. 264 

Diatigma, Key, 307 
DUrichcmonaa, Key, 312 
Division and reorganization, 208 
cysts, 257 
zones, 218, 486 
DoheUia, classification, 439 
Double individuals, 465, 570 
Drepanornonaa, Key, 406 
Dried i^ptifer and vitality, 166 
Dvboacqia, classification, 459 
Dyateria, Key, 405 
Dyateropaia, Key, 405 
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Echinomera, classification, 430 
Echinoapora, classification, 440 
Ectoplasm, 126 
Eimeria, classification, 439 
achvbergi. Fig. 178, p. 419 ' 
Eimeriidffi, characteristics, 439 
Elaater, Key, 342 
Elaters, 241, 327 
Elearhania, Key, 342 « 

EletUheroachizan, classification, 435 
dviboaqui, Fig. 114,*p. 233 ^ 
Etibadamama, Key, 311 
EnchelinidsD, characteristics, 377 
Enchelya, Key, 404 

pupa. Fig. 166, p. 379 
Encystment and conjugation. Fig. 204, 
p. 491 

conditions of, 490 

^ndanwdHJtacoli, division. Fig. 26, p. 63 
inteatinalia. Fig. 23, p. 60 
Key, 357 

muria. Fig. 228, p. 546 
Endamoebidee, characteristics, 338 
Endobasal body, 58, 62, 75 
Endogenous budding, 231 
Endomixis, 376, 540, et aeq. 

Endoplasm, 126 
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Endoral membrane, 150 
Endosome, 59 
Endoaphtera, Key, 413 
Endospore, 428 • p 
Endaihyra, classification, 356 
Endotoxins, 190 
“Endurance,” 557 
Enduring modifications, 569 
Energid theory, 55, 204 
Enerihenema, Key, 352 * 

ErUeridium, K^, 353 
Enieromonaa, Key, 311 
Entodinium, Key, 419 ^ 

Environment, conjugation and, 510 
Epcdxia, Key, 408 c 
Epkelota, biUachliana, budding. Fig. 
Ill, p. 230 
Key, 414 

Ephelotidsc, characteristics, 400 
EpidiiUea, K^, 410 

radioaa, Fig. 174, p. 391 
Epicyte of gregarines, 422 
Epimeritc, 246, 423 
Epiatylia, Key, 412 

plicatilia, Fig. 162, p. 371 
umbeUaria, Fig. 210, p. 502 
Epitheca of dinoflagellates, 1S7, 276 
Erythropaia, Key, 303 
Espundia, 288 

Euchromulinse, characters, 262 
Euchrysomonadina, characteristics, 261 
Eucryptomonadina, characteristics, 266 
Evdorina elegana, change to Gonium, 
569 

Key, 306 

EugUna aodahilia. Fig. 95, p. 209 
viridia, division. Fig. 25, p. 62 
Key, 306 

Euglenida, characteristics, 283 
%ey, 306 

Euglenidse, characteristics, 284 
Euglcnoid movement, 127 
Euglenomorpha, Key, 306 
Euglempaia, Key, 307 
Euglypha alveolata, cyst, Fi^ £r, p. 24 
Fig. 8, p. 30 ^ . 

pole plates, 82 
Kcy^ 361* 

EuglyphidsD, characteristic^, 341 
Eugregarinida, characteristics, 428 
Evlophomonaa, Key, 313 
Euplasmodida, characteristics, 328 
Euplotea charon. Fig. 79, p. 151 
Key, 411 

patella, meroton^. Fig. 86, p. 175 
motorium, Fig. 57, p. 110 
vannua. Fig. 176, p. 393 i 
Euplotidse, characteristics, 394 
Eurysporea, characteristics, 453 
Euapora, 430 
Eutreptia, Key, 306 
Eutrichomaatix, Key, 312 
Excretion, 168 
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Excretory canals, 161 
granules, 189 

Exogamy and gamete relationship, 510 
Exogenous budAng> 227 
Exoq)ore, 428 

Extra-nuclear kinetic elements, 83 
ExiunwUa lima and E. marina, Fig. 71, 
p. 137; Fig. 129 p. 269 
ICey, 304 
Eye-spot, 255 


• P 

Fabrea, Key, •108 

Fatigue in l^tozoa, 174 ^ 

Fats and oils, 51 

cause of odors and tastes, 52 
phosphorescence, 52 
Fertilization, ancestry of gametes, 509 
ei^ronmental conditions, 509 
gamete relations, 510 
internal conditions, 514 
phenomena. Chapter XI, 509 
Filopodia, 140, 143 
Flagell^ 134, 251 
Flagellil^res, 240 
Flagellum fissure, 157 
Flexostylida, characteristics, 355 
Foaina, Key, 312 

FoUicylina, ampulla, Fig. 84, p. 160 
Key, 407 
Food getting, 176 
sdection, 173 
Foramina, 332 

Foraminifera, characteristics, 331 
primary shell types. Fig. 17, p. 38 
Fremelina, classification, 430 
Frontal cirri, 150 
. field, 159 • 

Fronlonia acuminata. Fig. 168, p. 383 
Key, 406 

kucaa. Fig. 83, p. 158 
Fuligo. Key, 351 
Funddn^ntal organization, 165 
vitfu activities, 18, 167 
Fustdina, classification, 356 
Fusuliniclffi, characteristics, 356 


a 

Gamete, definition, 418 
Gametic meiosis, 530, et aeq. 
Gamocyatia, classification, 430 
Gamogony, 236, 418 
Ganofhnt, definition, 418 
Gastric vacuoles, 40 • 

Oaatronauta, Key, 404 • 

Oaatroaiyla, Kgy, 410 

ateinii, Fig. 176, p. 393 
Gemmules in Myxosporidia, 236; Fig. 
188, p. 450 


General physioll^, 164 
(hrda, Key, 412*^ 

Geniorhynchua, classifieatibn, 432 
Giardia, bilateral symmetry. Fig. 15, 
p. 37 
Key 312 

muria. Fig. 140, p. 293 
GirvaneUa, classification, 355 # 

Glaucoma, acirUillana, double individual, 
570 

Fig. 168, p. 383 
Key, 406; 

Glgnodinium cinctum. Fig. 131, p. 272 
, Fig. 70 p. 136 

• Key, 302 

Glohigerina, classification, 357 
GlaaaateUa, Key, 412 
Glugea, classification, 458 
Glycogen. ,51 

Golgi bodies in Protozoa, 171; Fig. 85, 

p. 162 

Goniodoma acuminatum, Fig. 68, p. 132 
Key, 304 
Gonium, Key, 305 

pectorale. Fig. 3, p. 21 
Gonoapora, classification, 429 
Gonoatomum, Key, 410 
Gonyaulax, Key, 304 

ap. Fig. 68, p. 132 ^ 

Gonyoatomum, Key, 307 
Gouaaia, classification, 439 
Gregarina, classification, 439 

cuneaia, sporoducts, Fig. 121, p. 
244 

Gregarinida, characteristics, 422 
gametes. Fig. 183, p. 427 
Guarnieri bodies, 462 
Gurkya, classification, 458 
GvUukna, Key, 350 
Guttulinidse, characteristics, 330 
Gymnaater, Key, 304 
Gymnodinidse, characteristics, 275 
Gymricdinium aphaericum. Fig. 129, p. 
269 

Key, 303.^ 

lunula. Fig. 130, p. 271 
GyrXhoaphmc^ Key, 342 
Gymnospores, 435 
Gymnostomina, 157 
characteristics, 377 
Gyrocorycidae, characteristics, 387 
Gyrodinium, Fig. 131, p. 272 
ovum, Fig. 129, p. 269 
Key, 303; 

Gyromonaa, Key, 312 • • 


H 

Haeckdina, Key, 342 
Hsemosporidia, characteristics, 441 
HsDmatochrome, 50 
Hcematococcua, Key, 305 



614 


I 


indAx of subjects 


H^ematozoic parasites, fao? 
HcBmocystidium^ classification, 444 
ffczmo 0 Te^ari«a,» classification, 438 
pemtcioaaf Fig. 177*, p. 417 
stepamwi, Fig. 185, p. 442 
Heemogregarinsc, characteristics, 437 
' Hasmoproteidflc, characteristics, 443 
Hamoprat^ classification, 443 
Jaaliphysemaf classification, 354 
HaUezia, Key, 413 . 

HalopappuSf Key, 300 
HaUeriaf Key, 409 

HalteriidsB, characteristics, 388 ^ 

Haptophragmiunif classification, 356 
Haplosporidiumf classification, 459 ' 

Haplozodn, Fig. 133, p. 274 
Key, 304 

Haptomonad phase, 288 
Haptophryat Key, 402 
Hartmmmella klitzkeif centrosomcs, 
Fig. 41, p. 85 

Hfutigerina, classification, 357 
Head organ, 297 
HedriocyaiiSf Key, 342 
Heleopera, Key, 360 
Hdicoatoma, Key, 408 
Heliozoa, characteristics, 319 
Hemidinium, Key, 303 
Hemiapirat Key, 407 
Hemiapifopaiat Key, 407 
Hemiataaia, Key, ^3 
HemUrichia^ Keyi 353 
Henmguya, classification, 454 
HepaiozoUnf classification, 438 
Heredity and variation, 566 
HerpeUmumaaf Key, 309 

muacordomeaticoBf Fig. 47, p. 96; 
Fig. 138, p. 389 
Herpetophrya, Key, 402 
Heterochromonaat Key, 300 
Heterochromosomes, 121 
•Heteromastigotc types. Fig. 69, p. 135, 
136 

Hetermeman^ Key, 307 
sp.. Fig. 14, p. 36 ^ 
Heteronemids^ characteristics, 285 
Heterophrya, Key, 342 • • 

HeterotnckUiy Key, 353 
Heterotrichida, characteristics, 386 
Heterotrophic nutrition, 199 
IlexcuAinomyxon, classification, 461 
paammorycteaf Fig. 192, p. 460 
Hexamaatix, Key, 312 
Hippocrepinat clarification, 354 
Hypnocyatia, classification, 429 
HiaHoTM, Key, 309 
Histozoic parasites, 197 
Hiatrio, Key, 410 

peUiandla. Fig. X75, p. 292 ! 

HofereUuat classification, 454 j 

Hologametes, 497 
Hdomaatipaiea, Key, 313 
HolomastigotiaflB, characteristics, 297 


Holcmaatiffoloideat Key, 313 
Holopkrya diacolor. Fig. 166, p. 379 
gargameUw, Fig. 166, p. 379 
Key, 404 • 

Hohaiicha, Key, 410 
nucleus, 56 

Holotrichida, characteristics, 376 
Holozoic nutrition, 177 
Homaxonic types, 30 
HoplUophryaj Key, 402 

lurnhricif Fig. 165, p. 378 
Hoplorhynchuay classification, 432 
Horned cysts, 271 t 
Houses, tests and cups, 129 
I Hunger satisfaction, 183 « 

Hyalobrytm dtiformana, Fig.. 19, p. 40 
Key, 300 

Hyaiokloaaia, classification, 437 
Hyaloapheniay Fig. 153, p. 358 
Key, 359 

Hyaloaporaj classification, 430 
Hydrurida;, characteristics, 265^ 
Hydrurua feetiduay cyst. Fig. 5, p. 25 
Key, 301 

mode of growth, Fig. 127, p. 260 
Hymenomonaay Key, 299 
Hyperammimiy classification, 354 
Hypermastigida, characteristics, 295 
Ilypocomay Key, 414 
Hypocomidse. characteristics, 401 
Hypotheca of dinoflagellates, 137, 276 
Hypotrichida, characteristics, 389 
Hypotrichous cilia tes. Fig. 78, p. 150 


I 


Ichlhy&phlhiriuay Key, 404 
Idiochromatin, 48 
Immunity, 191 

Incompatible combinations, 579 
Infusionsthiere, 17 
Infusoria, 17 ^ « 

classification, 363 
Key, 401 

Inheritance of form, 38 

of sex, 504 ^ 

Intensity of vitality, 557 
Inter-divisional dinerentiations, 483, 
et aeq, 

IrUoakineUinay Key, 402 
Intranuclear kinetic elements, 75 
lodamoaha, Key, 357 
Irritability, 171 

IsochrysidsD, characteristics, 262 o 
Isogametes, 495 • 

Isolation cultu^, 469 
laoaporay classincation, 439 
Isosporime, characteristic, 439 
laotrichay Key, 407 
Isotrichidse, c^racteristics, 386 
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Jenningsiat Key, 3Q7 ^ 

Jaeniaf Key, 313# 

Jccnids, characteristics, 297 
Jcenina, Key, 313 
Jcenopsis, Key, 313 


Kala-azar, 289 
Karotin, 197 
Karyokinesis. 413 
KaryolysiSf classification, 438 
Karyomastigonts, 293 
Karyosome, 58, 60 
‘ Katabolic products, 51 
Kephyrvmy Key, 299 
Kephrywpsds, Key, 300 
Kemplasmaverhaltnis, 514 
p tncoiy, 204 
Kerona, Key, 410 

pedicvlus, Fig. 79, p. 151 
Key to i^nera, Infusoria, 401 
^astigophora, 297 
Sarcodina, 341 
Kinetic elements, 74 
Kinctonucleus, 93 
Kinetoplast, 95 
Klossia, classification, 437 
KlossieUa, classification, 440 
Kofoidella, Key, 402 


Labcea, Key, 409 
Labyrinthvla, Key. 350 
Labyrinthulidse, characteristics, 325 
Lachnoholus, Key, 353 
Lacry'MUiim, Key, 403 

lagemda and olor, Fig. 76, p. 148 
sp., Fig. 14, p. 36 
Lagemi, classification, 355 
Lagenoeca, Key, 310 
Lagenopkrys, Key, 412 
Lagynion, Key, 301 
Lagynus, Key, 404 
Lamproderma, Key, 352 
Jjankeaterella, classification, 438 
ranarum, Fig. 185, p. 442 
LanJeesteria aacidicB, Fig. 179, p. 420 
qiassification, 429 
LarcoicUe, chai^cteristics, 344 
Lanvlma, Key, 407 
“Learning,’’ 178 * 

LecytMum, Ke^ 361 
Legerdla, classification, 437 
LegerellinsD, characteristics, 437 


Legeria, classification, 431 
LMyana, classification, 430 
IjeidyoneUa, Key, 313 ^ 

Leidyopsia, Key, 313 * 

Leishmhnia, Key, 309 
leishmaniasis, 288 
IjemJbadion buUinum, Fig. 169,' p. 385 
conchaides, Fig. 77, p. 149 
Key, 407 • 

Lendms, Key, 407 

puitiUus, Fig. 170, p. 385 
TjerUoapora, classification, 454 
LeocarpuH, Key, 351 
Lepidoderim, Key, 351 
Mepochromtdina, Key, 299 
Licpocindia, Key, 306 
Leptochlamys, Key, 359 
Leptodiscua, Key, 305 
Lepiormnaa, Key, 309 
Leplopharynx, Key^ 404 
Leptotheca<igilia, Fig. 184, p. 434 
classification, 453 
aciaaura, Fig.. 189, p. 452 
Lenmophrya, Key, 414 
Leaquereuaia, Key, 359 
Leucocytozoinse. characteristics, 441 
Leucocytozodn, classification, 441 
Leucophrya, Key, 406 
Leucocin, 51 • 

Licea, Key, 352 • , 

Ldchmapia giltochii, Fig. 152, p. 346 
Lichnophora, Key, 411 
LieberkUhnia, Key, 361 
Life and organization, 45, 164 
and vitality, 45 
definition, 166 

Lionotua faadola, feeding, Fig. 90, p. 

181, 380 
Key, 405 

'fjrocerm, Fig. 30. p. 70 
wrzeaniowakyi, Fig. 167, p. 380 
Lindbladia, Key, 352 
Linin, 66 

Lithocolla, Key, 342 
lAthocyalia, classification, 429 
Ldluotiiba, classification, 355 
Lobomoruia, Key, 305 
lebopodia, 140, 143 
Lophocephalua, classification, 433 
Lophomonadidae, characteristics, 297 
Lophornonaa, division. Fig. 98, p. 212 
Key, 313 

parabasal body, 95 
Lophophorina, Key, 404 
Loxocephalua granidoaa, Fig. 168, p. 383 
Key, 406 ® ^ 

Loxodea, Key, 405 
LoxophyUum^ Key, 405 

. meleagria. Fig. 167, p. 380 
aeligera, Fig. 167, p. 380 
Lycogala, Key, 353 
Lymphocyaiia, classification, 459 
Lymphoaperidium, classification, 459 
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MACBOCHROBfAffiN and microchroma- 
tin, 374 

Mad!t)^^etes, 418 
Macrogametocyte, 418 
Macromaatix, Key, 309 
Itfacro- and micronuclei, 69; Fig. 30, 
p. 70 

Macro- and microsphseric shells, 335 
Malaria organisms. Fig. 120, p. 242 
Mallomon^inse, characteristics, 262 
MaUomonaSf Key, 299 • 

pkeasliij Fig. 125, p. 258 
MargariUiy Key, 353 \ 

Marmpiogaater, Key, 307 
Maatiganueha aapera, Fig. 137, p. 287 
Key, 308 

Maatigella, free nuclei, 64 
Key, 308 

vUrea, Fig. 27, p. 65 
Maatigina aetoaa, nuclei. Fig. 27, p. 65 
Mastigophora, classification, 250 
c^pharynx, 252 
pseudopodia, 251 
special morphology, 248 
Maturity, 494 
MaupaaeUa^ Key, 402 
Meduseftidfle, characteristics, 349 
MeiotAC^henomena, 518, ei seq. 
Melanin, 52, 242, 441 
Membranelles, 147 

' Membranes and form determination, 31 
Membranulse, 147 
“ Memory, 173 

Menoidium incurvum, Fig. 65, p. 128 
Key, 307 

Menosporidse, classification, 433 
Merogregarinaf classification, 435 
Merogregarinidse, characteristics, 435 
Merotomy experiments, 175 
• MeanUeUaf Key, 402 
Meaocenaf Key, 301 
Meaodinium, Key. 404 

pyleXf tentacles, Fjg. 163, p. 372 
MewjoBnia, Key, 313 
Meaoatigma, Key, 305 • ^ 

Metaboly, 127, 254 
Metachromatic bodies, 49 
Metacineta, Key, 414 
Metacyatiaf Key, 403 
Metagamic phenomena, 334, el aeq, 
Metagamogony^ definition, 418 
Metameraf classification, 431 
H^^nema, Key, 307 
M^plastids, 46, 50, 165 
Metazoa and Protozoa, 18 
reorganization, 554 
Methods of nutrition, 176 
Metopw, Key, 408 
MiehcBlaaraia, Key, 300 
MicrocomeUaf Key, 361 
Microcoryciaf Key, 358 


Microcyst, 326 
Microgamete, 418 

Microgametocyte, 418 « 

Microglenay Key, 299® 

Microgromiaf Key, 361 

otdforme. Fig. 102, p. 216 
Microjcenia, Key, 313 
Mi(roapir(drichonympluit Key , 313 
Microsporidia, characteristics, 455 
Microtharaxt Key, 406 

atUcaiuat Fig. 170, p. 385 
Microthoracidsc, characteristics, 384 
Miescher’s tubules, 461 • 

Milidina. classification, 355 
Milioliniusc, characteristics, 355 
Minchinia, classification, 437 
Mitochondria, 49 
Mitosis, 113 

Mitraapora, classification, 453 
Mode of life, and form, 33 
Monadida), characteristics, 29^ 

MonaSf Key, 310 

Monaater, Key, 304 « 

MonocercomonaSf Key, 311 
MonochUunif Key, 406 
Monocnidia, characteristics, 458 
MonocyatiSf classification, 458^ 
rostralay Fig. 63, p. 122 
Monodiniunif Key, 404 
Monopylea, characteristics, 347 
Monoaigay Key, 309 
Motile organoids, 132 
Motorium, 84, 109 
Motor response, 173 
Mouth shifting in ciliates. Fig. 13, p. 35 
Mrazekitty classification, 459 
Mrazekidsc, characteristics, 459 
MucUagOy Key, 351 
MvUi^ia) Key, 308 

Multiplicative reproduction, 424 , 

Mutation, 569 

Mycetozoa, characteristics, 326 
multiple division, 241 
MycterothriXy Key, 406 
Myonemes, 84 . g 

Fig. 54, p. 105 
Myophanes, Fig. 56, p. 107 
.Myophrisks, 84, 108 ^ 

Myriaphryay Key, 403 

paradoxa. Fig. 160, p. 269. 
Myxomceboy classification, 326 
Myxidiidsc, characteristics, 454 
Myxidiunty classification, 454 
Myxobolidse, characteristics, 454 
Myxoboluay classification, 454 

pfeifferiy Fig. 184, p. 434; Fig. 186, 
p. 447; Fig. 229, p. 548 • 

Myxodictyuniy Key, 350 • 

Myxofia^llatei classification, 326 
Myxopodia, 140 » 

Myxoproieuay classification, 453 
Myxoaomay classification, ^4 ' j 

Myxosomatidse, characteristics, 453 | 
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Myxosporidiai characteristics, 449 
Myxotheca, classification, 354 


N 


NadineUaj Key, 361 
NcegelieUaj Key, 302 
Ntxgleria Hatadialia^ Fig. 42, p. 86 

gruheriy Fig. 12, p. 34; Fig. 42, p. 86 
Key, 357^ 

Nassoi(fa;, characteristics, 347 
NasstUa aure&f pharyngeal basket. Fig. 
158, p. 366 
Key, 404 

microatomaf Fig. 13, p! 35 
Natural death, 469 
Nehela, Key. 361 
Nectouionaa phase, 288 
Negri bodies, 462 
Nernalodinium, Key, 303 
Neosporidia, cliaracteristics, 445 
NephroselmidsB, characteristics, 267 
Nephro^hniSf Key, 302 
Neuroinotor maceration 99 
system, 75, 84, 109 
Neurophanes, Fig. 56, p. 107 
Neuroryctes hydrophobicPt Fig. 193, p. 
463 

NicoUelUif Key, 402 
Nicollellida;, characteristics, 382 
Ninaf classification, 430 
NodUuca, Key, 303 

miliariSj exogenous buds. Fig. 109, 

p. 228 

mitosis. Fig. 52, pi.^01 
nucleus, 60, 63 

Nodobeculariaf classification, 355 
Nodosalida, characteristics, 355 
NodosamminidsD, characteristics, 355 
‘Nodosaruif classification, 355 
tjjpe of shell. Fig. 17, p. 38 
Nodosariidse, characteristics, 355 
NodosineUaj classification, 355 
Nonioninay classification, 357 
Noaema, c||issificatipn, 458 
Notoaolenua, Key, 307 
Nuhecvlaria^ classification, 355 
Nuclear division, 112 
reorganization, 218 
Nuclearia delicatula, Fig. 145, p. 325 
Key, 350 

Nuclei of Protozoa, 56 1 

t^es, 57 
Nuclfln, 46 

NummuUleaf cMissification, 357 
Nutrition in flagellates, 956 
tyi^s, 175» 

NtUialia, characteristics, 445 
NyctotheruSfKeyy 408 
avoHa, Fig. 74, p. 145 


OcHROMONADiD.fi, chafac&ristics, 262 
Ochromonaay K^, 300 

sp., cysts, Fig. 5., p. 24 
OcUmUuaf Key, 312 
Octosj^rea, classification, 459 
Odd chromosomes; 534 • 

OicomonadidsD, characteristics, 291 
Oicomonaaf Key, 309 

termOf feeding. Fig. 83, p. 158 
Oils and fats, 51 
OM age differentiations, 490 
U)ligonemaj Key. 353 
fOligotrichida, cnaractcristics, 388 
Onychaapia hexeria, Fig. 80, p. 152 
Key, 411 

Onychodaclyluay Key, 405 
Onychodronmay Key, 410 
Odeephaluaj classification, 430 
Oddiniuniy Key, 303 
POgametes, 497 
‘Ookinct, 443 
Opalinay Key, 401 

macrocliromosomes and microchro- 
mosomes, 374 
sex phenomena, 375 
ranarunty Fig. 164, p. 374 
OperctdarUiy Key, 412 . 

Operculinay classification, 357 
. ap.y Fig. 66, p. 130 
Ophiotheca, Key, 353 
Ophrydiopaia, Key, 412 
Ophrydiuniy Kw, 412 
veraatiley 2? 

Ophryocystidaj. characteristics, 433 
Ophryocyatiaj classification, 433 
meanili. Fig. 184, p. 434 
Ophryodenaridie, characteristics, 400 
Ophryodendrony Key, 414 
Ophryoglena flam, Fig. 168, p. 383 
Key, 406 

Ophryoscolecida;, characteristics, 388 
OphryoacoUx, Key, 409 

classification, 355 
Opi^(^n, Key, '404 

mneniendta, Fig. 166, p. 379 
Opiathonecta, Key, 412 
Oral fissure, 276 

modifications, 155 
Orbiculina, classification, 356 
Ortyitoideay classification, 356 
Orbitolinidsc, characteristics, 355 
OrbitolUea, classification, 356 
OrcadeUa, Key, 352 * * 

Orcheobiua, classification, 437 
Orchitophrya, Key, 402 
Organization and differentiation, 482 
identified as life, 45 
Orthodon hamatua, Fig. 83, p. 158 
Key, 404 

Orthosphaeridse, characteristics, 345 
Orlhoa'^a, classification, 440 
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Oemtm, 109 
Oxidation, 167. 

OxyrrkiB, Ktf. 003 

'marina, mvision, 120 

kin^ic elements, Fig. 43, p. 88 
Oxytric^^aUa^Fig^ 175, p. 302; Fig. 

• Key, 4io , 

pdlioneUa, Figs 175, p. 392 


PiBDOOAMY, 510 

PaMindla cyrtophora, Fig. 94, p. 200 
Key, 299 

Palmella-phase, 251 
Pandorina, Key, 306 
Pansporoblast. 235, 446 
Pantastoniatiaa, chfCracteristics, 286 
Parabasal body, 84, 92 

and nucleus, Fig. 48, p. 97 
Paradneta, Key, 414 
Parococcidtum, classification, 440 
Paradesmose, 76, 84, 99 
Paraglycogen, 51 
ParajiBnia, Key, 313 
ParamecidsB, characteristics, 386 
ParameciuTn aurdia, reorganization dia- 
gram, Fig. 226, p. 541 
bursaria, Fig. 170, p. 385 
caudatum, dividing Fig. 21, p. 53 
fertility diagram. Fig. 206, p. 

496 

Golgi bodies, Fip. 85, p. 162 
^ in depression, Fig. 212, p. 507 

mciosis. Fig. 214, p. 520; Fig. 

215, p. 521 

merotomy and monsters. Fig. 

203, p. 487 

monsters, Fig. 103, p. 219; 
• Fig. 205, p. 493, 69 

nuclei. Fig. 22, p. 57 
pole plates, 81 
variation, Fig«235, p. 574 
Key, 407 ^ 

pyirinum, Fig. 170, 385 

size variation, P'ig. 234, p. 567 
ParanuBba, Key, 357 
Paramoebidffi, characteristics, 338 
Paramylum, 51 
Paramyxa, classification, 459 
Parapodinium, Key, 304 
Parapalytama^ Key, 305 
Parasitism fibm sapropelic forms, 25 
Pairastyle, 84, 95 
Taraosmapsis, 531 
Pareuglypha, Key, 361 
ParmiUna, Key, 358 
Paroral and preoral membranes, 150 
Paroxysm toxins, 190 


Fftrthenogenesii^ 539, et aeq. 
Pcdelftna, dassincation, 355 


Pathogenic effects, 191 
Patdindla, Key, 360 
PdvlaeneUa, Key, 304 
PadUardia, Key, • 

PedineUa, Key, 299 
Pdamphora, Key, 403 
Pellicle or periplast, 127 
Pdodinium, Key, 408 
Pdtmyxa, Key. 357 
paludria, density, 31 
Peneroplia, classification, 355 
Pentatrichimumaa, Key, 317 
Pepsin-like ferments, 18^ 

Peranema, Key, 307 
b trichophora, Fig. 4, p«22 
Pereaia, classification, 458 
Perichama, Key, 353 
Peridinidie, Characteristics, 276 
Peridinioidffi, characteristics, 276 
Peridinium divergena, Fig. 129, p. 269 
Key, 304 ^ 

Peridium, 327 

Peripylea, characteristics, 343 
Peristome. 147 

Peritrichida, characteristics, 395 
Peritromidse, characteristics, 390 
PerUromua emmw, Fig. 79, p. iBl 
Key, 410 

PerezdJUi, Key, 402 
Periacineta, Key, 413 
PeritromuB, Key, 410 
PetaUmonaa, Key, 307 
PfeifferineUa, classification, 439 
Pnacotidi^ characteristics, 279 
Phacotvs, Key, 305 
Phacua, Key, 306 

lonaimiidua, Fig. 65, p. 128 
PhsBOcailpiav characteristics, 348 
PhsDO^psiha, characteristics, 267 
Phseo&nchisB, characteristics, 349 
Phseocystina, characteristics, 348 
PhflBodendria, characteristics, 349 
Phceodinium, 54 
Key, 408 

PhoBogromia, characteristics, 

Phagosomes, 277 
Phasoaphoera, Key, 301 
PhaH)8phsDria, characteristics, *348 
PhoBothamnion, Key, 302 
Phalacromaj Key, 304 
Phalansteriidse, characteristics, 291 
Phalanaterium digitatum. Fig. 20, p. 41 
Key, 310 

Pharyngeal baskets, 366 
Phaacolodon, Key, 405 
PhiaUndea, classification, 431 
Phudmema cychatoma. Fig. 45, pf 90 
Photosynthesis, 198 • 

Pkrygandla, Key, 360 

Phycopyrin of dinoflageUata, 197 

PhylUmitua, Key, 311 

Phylogeny, 201 V 

PhyaareUa, Key, .m 
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Physarum^ Key, 351i 
Phj^aematids, characteristics, 345 
Physiological balance, 19 
Physiology, 164 • 

Phyaomanas, Key, 310 
Phy^inidse, characteristics, 277 
Pkyibdinium, Key, 304 
Phytomastigoda, characteristics, 253 
• Key, 297 

Phytomonadida. characteristics, 279 
Phytomyxida, characteristics, 328, 330 
Piments, 52 

Pueocephmua, olassificatiop, 431 
Pinaciophoray Key, 342 

rubicondc^Fig. 67, p. 131 
PinacocystUyKeyt 342 
Placociata, Key, 361 
Placu8, Key, 406 • 

Plagiopogorij^Keyt 403 
Plagiopylay Key, 406 
PlagiopymSy Key, 360 
Plagwmnay Key, 408 
pHagiotomidfiB, characteristics, 386 
rlasmodidse, characteristics, 444 
Plmmodiumy 681 

classificatioi^ 444 
of nftlaria, Fig. 120, p. 242 
Plasmotomy,.340 
Plastids, 46, 164 
Plastin, 59, 67 

PUUydarina cavdaUiy Fig. 3, p. 21 
Key, 306 • 

Platysporea, characteristics, 454 
Plectoidffi, characteristics, 347 
Pleodorina iUinoisenaUj 18 
Key, 306 

PleurocopteSy Key, 407 
PleuromonaSf Key, 311 ^ 

Pkuronema chryaalia, Fig. 169, 

Key, 407 
Pleuronemidse, characteristics, 384 
Pleurotrichay Key, 410 

lanceolata, vitality graph. Fig. 199, 
P.472 

PleurotRql^idse,. characteristics, 394 
Plistophora, classification, 459 
PUxotia vUreay Fig. 69, p. 135 
Key, ^7 

Podoconus,T^iolaria, 322 
Podocyaihus, Hby, 414 
Podaphryafixa, cyst Fig. 5, p. 24 
tentacles. Fig. 163, p. 372 
sp.. Fig. 91, p. 185 
Podophryidie, characteristics, 398 ' 
Poison-fast races, 192 
Pole plates, 81 

PolyblSpharidse, characteristics, 279 
Polycystid grewine, Fig. 122, p. 246 
Polycyttaria, characteristjcs, 344 
Pdymkoa, Ke^303 

sdiiwatin, fig. 132, p, 273 
Wymairiagida, characte^tics, 292 
312 



47, p. 96 


P6lytoma» k^, 305 
PdyUmdkLy Key, 305 
Pojytomidie, characteristics, 280 
Pdytremay dassification^ 356 
Pompholyxophrys, Key, 342 
PorUigtdaaiay Key, 360 
Pontosphoera, Key, 300 
Porochryais. Key, 299 
PovBpathiase, characteristics, 349 
Pcroapora, classification, 435 
rorosporidffi, characteristics, 435 . 
Porpoatoma, Key, 408 
Poieriochromonaay Key, 300 
Poteriodendrony Key, 309 

petialatMniy Fig. 139, p. 290 
Pouchetiay Key, 303' 

Primite gregarines, 423 
Promitosis, 113 
Propogation cells, 549 
Propogative repimuction^ 424 
Prorocentrumy Key, 304 
micanay Fig. 129, p. 269 
Prarodon armaluay Fig. 165, p. 378 
Jarebusy Fig. 165, p. 378 
gisctiSj^Fig. 13, p. 35 ^ 

nimiay Fig. 165, p. 378 
UreBy Fig. 165, p. 378 
Proteomyxay characteristics, 324 
Proteoaomay classification, 444 
Proteroapongiay Key, 309 
Proterythropaiay Key, 303 
Protista, 18, 248 
Protochryaiay Key, 302 
ProtodinifeTy Key, 303 
Protomastigida, characteristics, 288 
Protomerite, 246 
ProtomonaBy Key, 350 
ProUmyxay Key, 350 
ProMj^inay Key, 401 
Protophryay Kexj402 
Protoplasm, f 64 

Protoplasmic consistency and form, 20 
structure, 39 
ProtopaiBy Key, 303 
Proiotrichia. Key, 353 
Protozoa, classification, 248 
definition, 17 
distribution, 23 
form relations, 29 
limitations of, 18 « > 

size variations, 27 
soil, 25 

types of, 22, 23 
Pratrichomanaa, Key 312 
Prowazekiay ap., parabasal. Fig. 47, p. 

96 

Prunoide, characteristics, 344 
PrunophractidfiB, characteristics, 347 . 
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PsammmyXf classificafeon, 355 
. Psammosphapu. classmcation. 354 
Paevdochlantys^^Fig. 153, p. 358 
Key, ^8 

Pseudoconjugation, definition, 420 
PaeudodifflugiOj Key, 361 
sp., Fig. 10, page 32 
J^eudogemma, Key, 413 * 
Pseiidokepkyrion, Key, 300 
Pseudomembrane, 384 
PseudomicroihoraXy Key, 404 
Pseudoplasmodium, 328 
Pscudopodia> 133, 140 ^ 

formation, 172 
types, 316; Fig. 73, p. 140 ‘ 
udopodiospores, 240 


Pseu( . 

Pseudosporaf Key, 350 
Pscudosynapsis, 123 
Pailotricha. Key, 411 
Paeidolricnonyrnpha, Key, 313 
Pailotricha acuminaiaf Fig. 176, p. 393 
Key, 411 

Psilotrichidte, characteristics, 394 
Pteridomonaat Key, 308 
Pteramonaat Key, ^5 
Pieroaporaf 428 
Ptychocyclia, Key, 409 
Pulvintdirtaj classification, 356 
PurceUcbi Key, 310 
Pusules, 163, 252 
PycnoihHxj Key, 403 
Pyramidoachryaiaf Key, 299 
PyramimonaSf Key, 305 
Pyrenoids, 50 
Pyrocyatiaf Key, 304 
^yraonympka. Key, 312 
Pyxidicvlat Key, 358 
Pyxinia^ classification, 432 
'tnohitiazi, Fig. 93, p. 196 


Quadrtda, Key, 361 
Quinqudoculinaf classificaUon, 355 

• 

a 

Radiolaria, characteristics, 321, 343 
multiple reproduction, 240 
Radphidiopkrya eleganay feeding. Fig. 

88, p. 179 
Key, 342 

• paUidiJfYig, 67, p. 131 

spicules, Fig. 144, p. 321 
Rectum, 161 
Red snow, 198, 281 
Rejuvenescence, 557 

and parthenogenesis, 564 
Relative vitality and age 9 f parents, 563 
Reorganisation and vitality, 535, 552 
m ciliates, 217 


Reorganization afid vitality in flagel- 
lates. 209 

Reproduction, 112, 203 at aeq. 
and form, 35 * 

4 flagellates, 257 
Retunuariay Key, 353 
Rhabdamminay clMsificationj, 354- y* 
Rhabdamminidse, characteristics, 354 
Rhabdophrya, Key, 414 
RhabdoaphcBra, Key, ^1 
Rhabdostyla, Key, 412 
Rhebplasm, 42 
Rheophax, clasigficationf 355 
^ Rhipidodandroriy Key, 310 
" ^Rhizammiruiy classification, ‘854 . 
Rhizocaryum. Key, 402 
Rhisochrysidina, characteristics, 26^|l 
RhizochryaiSy Key, 301 
Rhizomaatixy Key, 309 
Rkizoplaamay Key, 350 
Rhizoplasts, 34 % 

Rhizopoda, characteristics, 323 
Rhizopodia, 140, 142 < 

Rhodomonaay Key, 302 
RhopdUmiOy classification, 431 
Rhynchetay Key, 413 ^ 

Rhynchogromiay Key, 361 
RkynckomonaSy Key, 310 
Rhynchophryay Key, 413 
Rickettsia, characteristics, 445 
Rotalia. classification, 356 
Rotalida, characteristics, 356 
Rotalidfis, characteristics, 356 
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SAccAMMjrrA, classification, 354 
8ago|pMseridie, characteristics, 348 
Scdpmgcecay Key, 310 
Salpingceca marinuaj Fig. 82, p; 156 
Sappiniay Fig. 147, p. 329 
Key. 350 

Sappiniidse, cliaracteristics, 33C^ 
Saprodiniuniy Key, 408 • # 

Sapropelic fauna, 24 
Saprozoic nutrition, 193 , 

Sarcocystin, 190 # 

Barcode, 315 
S^codictyum, 322 
Sarcodina, classification, 315 

division and reorganization, 213 
Key, 341 
Sarcomatrix, 322 
Sarcosporidia, characteristics, 461 
'S(Mphidiodm, Key, 405 
ScheUwimiaj classification, 356 ^ 
Sekizobodoy Key, 311 • 

SchizocystidaS} characteristics, 433 
Schizocyatiay classificatmi, 435 
aipuncidiy Fig. 114, p. 233 
Stbizodiniumf Keyy 304 
Schizogregarinida, charaettiristice, 433 , 
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Schisontocyte. 416 ^ * 

Schneideria, classification, 431 
SchvH^gerina, classificatibn, 856 
Sciadophara, classification, 431 
Sclerotium, 327 
'1,373 
fta, Key, 412 
ma8f Key, 307 

wbtiliSj copulation, Fig. 208, p. 400 
Secretions, 186 
Seizin|s organ, Didiniumf 153 
Selection, 573, et 8eq» 

Sdenidiunif clsssification; 435 
Seleniidee, characteristics, 435 
SeUnococMium, classification, 435 
f‘Sensing'*^alfa distance, 182 
j^B^sitive period, 570 
*ISerum8pondium, classificayon, 450 
.Sex in Protozoa, 404, et aeq. 

Shells and form determination, 31 
SilicofiagellidsB, characteristics, 263 
Sinuol^ea, classification, 454 
Skeleton patterns. Fig. 11, p. 33 
Solenophrya, Key, 413 
Somatella formation, 237, 286 
Somatic and germ cells, 282 
Sparolrncha, Key, 410 
Spaihidium, Key, 404 

apathvlaj conjugation,. 556 
feeaing, Fig. 00, p. 181 
vitality curve. Fig. 200, p. 473 
Specificity of protoplasm, 165 
Sphmractinomyxony classification, 461 
atoldy Fig. 102, p. 460 
SphuBTOstrum division^ Fig. 100, p. 214 
Key, 342 

SphcereUaf Key. 305 

Iacu8tri8y Fig. 134, p. 280 
Sphscrellaria, characteristic^ 344 
Sphaerocystis, classification, 400^433 
SphoBToicay Key, 300 
^haeroidsD, characteristics, 344 
SphoTomyxay classification, 454 
8abraze8i, Fig. 220, p. 548 
SphaoonhractidsD, characteristics, 347 
Spharojdiryay Key , 

SphoBrosp&ray classification, 454 

dirnorjjha, budding. Fig. 116, p.^233 
qjemmules. Fig. 188, p. 450 
Sphaerospdi I^se, characteristics, 454 
^hscrozoidsc, characteristics, 344 
Sphaleramantist Key, 200 
Sphenomonaa, Key, ^7 
Spicules, Fig. &7j p. 131 
SpiriUina, classincation, 355 
•^irochsBtid^ 250 
SpijMchana, Key, 411 
Spirochonidse. characteristics, 306 
l^irocystida;,^characteristics, 435 
Spiwcystia^ classificatidh, 435 
iSpfrptocuZinal^classification, 355 
I Key, 310 

c^* classification, 450 


SpiroaUmum, K^f 408 
species, Fig.^, r. 70 
Spir(dricfu>nymphaf Key, 3^3 
Spiratrichmympluuaf Key, 313 
Split pairs, 507 
Sp(mdyl(miorum, Key, 305 
Spongomonaat Key, 310 

aplendidUf Fig. 50, p. 117 
Spontaneous generation, 54 
Sporangium, 327 
Sporoblast, definition, 418 
Sporocyst, definition, 418 
Sporoducts, 243. 424 
SiA>rophore8, 327 
liSporozpa, taxonomy, 415 
^Sporozoite, 416, 418 
Sporulation, 236 
Spyroidte, characteristics, 347 
Staurojoania, Key, 313 
Staurophryat Key, 414 
Steindia, Key, 402 
Steininat classification, 432 
Stemonitia, Key, 362 
StempeUiaf classification, 458 
magruiy Fig. 100, p.’456 
Stenophoraf classification, 430 
Stenophoridse, characteristics, 430 
SientoTy Key, 407 

polymorphay Fig. 74, p. 145 
Stentoridsc, characteristics, 386 
Stentorin, 53, 367 
Staphanonymphay Key, 312 
aylveatriy Fig. 141, p. 204 
Stephanosphsera, Key, 306 
Stephoidm, characteristics, 347. 
Stercome, 332 
Stercoplasm, 42 
Stereoplasmatic axis, 316 
SterromonaSy Key, 310 
Stictoapora, classification, 431 
Stichotrichay Key, 410 

aecunday Fig. 173, p. 300 
Stigmata, 255 
SlokcaieUuy Key, 310 
SlreblomaHliXy Vey, 311 
atrix, Pfg‘. 14, p. 36 
SirepUrmmuiiJ Key, 310 
Stromhidiumy Key, 400 
Slrongylidiumy Key, 410 
ap.y Fig. 175, p. 302 
Strongyloplasmata, 463 
Structural differentiations, 126 
Stylobryariy Key, 310 
Styloccphalidse, characteristics, 432 
Stylocephalus, classification, 432 
Stylochryaaliay Key, 200 
Stylococcn8y Key, 301 
Slylocometesy Key, 414 
Stylocyatia, classification, 432 
Stylodiniumy Key, 304 
StyUmychiay Key, 410 
mylUia, Fig. 4, p. 22 



822 


Siylonydiia^ui»li$l qiirve from Mau- 
liaii.lig.a31,lM66 ^ 

Fig. 197, 

p. 470: Fig, 231, p. 565 
StylopwBis, Key, 300 
Suctona. characteristuM, 308 
' food taking, 184/^3 
types, Fig.»01, p. 185 
SklcaB,^0 
Survival value, 557 
Symbionts, 196 

Symclirumyxan, classification, 461 
ivbificia, Fig. 192, p. 460 . 

Synapsis, 123 * 

Syncrypia, Key) 290 « 

Syneystia, classification, 429 
Syndinium, Key, 304 
Synwra, Key, 299 
Syracoaphamf Key, 300 . . 


Tachyblaaton, Key, 413 
Tamiocyatiaf clas^cation, 432 
TeUmyxa, classification, 459 
Telomyxidse, characteristics, 459 
Telosporidia, characteristics, 421 
Tentacles, 153 

Tentaculifera, characteristics, 308 
Teratonympha, Key,- 314 
mirabtlia, Fig. 142, p. 206 
Teats, cups, houses, etc., 129 
Testacea, characteristics, 339 
TetrcushilomcaHXf Key, 312 
Te(racft?u>m 2 /xon, classification, 461 
^elraUmitu8f Key, 311 
Tetraploid, 583 
Telrataxia, classification, 3*55 
TdroBdophrya, Key, 414 
Teutophry8f Key^ 405 
Textiuana, classification, 356 
^Textularida, characteristics, 356 
Textulariidas, characteristics^ 356 
ThalassicollidsB, characteristics, 345 
Thalassophysidffi, charaftc^tics, 345 
Thalassothamnidee, chara^teristicsj^45 
Thaumatophrya, Key f 413 
Theeacinela, Key, 413 
TheUeria, classification, 445 
TAelokania, classincation, 458 
legerif Fig. 191, p. 457 
Thignudn^ 373 
Thylacomonaa, Key, 309 
TkylahidiumjKey, 408 
Tmina, K^ 403 
TiJUrn, Key. 406 
Tinaparua, classification, 356 
Tintinnidie, characteristics, 388 
TirUinnidiurny Key, 400 
TinUTinopaiBf Key, 409 
sp., Fig, 174, p. 391 
TinHnnua, Key, 400 
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'^olwphrya. Key^ 413 

9uo3r»par<ite, budding, Fig. 97; p. 

Pig.ip. 22 • ' 7* * 

Tongue of j/idinium, 153 . 

TonUmia, Key, 409 
Tarodinium^ Key, 303 
Tcroaphmra, Key, 300 
Toxins, 100 

Toxopiaama, charactgstics, 445 
Toxoapofa, classification, 459 
Trachelinidse, characteristics, 381 
Trachdiuaf I&y. 405 • 4 
Tracheloc&rca,Reyf403 

ph€micopierti8f Fig. p. 378 
nucleus 56 

TrachdommoLaf Key, 306 ^ 
ommt Sig. 83, p. 158 
TrachehphyUum, Key, 403 
TrenUmia, Key, 307 
Trepomonaa, Key, 312 
Triactinomyxon, classification, 461 
ignotum, Fig. 192, p. 460 
Tricerconumaa, Key, 311 
TriMa, Key, 353 
Trichitcs, 54, 157 
Trichocysts, 54 

in flagellates, 256, 285 
Trichodina, Key, 411 . 

Trichodinopaia, Key, 411 
Trichogaaler, Key, 410 
Trichoinaatix, Key, 312 
Tnchomonaa avguaUi, axostyle division, 
Fig. 72, p. 130 
Key, 312 

Trichonyny^ campantda, Fig. 50 p. 99 
division. Fig. 51, p. 100 
Key, ^3 

Trichoiw.fphidse, characteristics, 297 
TricJugpnrya, Key, 414 
. '^aalparum, Pig. 91, p. 185 
T^hopua, Key, 404 
Trichorhynchtia, classification, 430 
Trichoapira, Key. 404 
T^ichostomina, cnaract 
Tfigonomonaa, Key, 312 
TrUocvUna, claasincation, 35o 
TrimaatigamcebA, Key, 357 
TrimastigidfiB, characteristic^^ 291 
Trinema, Key, 361 
Tfilrichtmoriaa, Key, 312 
Tripylea, characteristics, 348 
Trochammina, classification, 356 
Trochamminidffi, characteristics, 356 
Trochella, Key, 408 
TrodvUia, Key, 405 
TroglodyteUa, Key, 409 
Trophochromatin, 48 • 

TrophonucleuSjgOS 
Tropidoacyphua, Key, 3Q^ 

Tropisms, 173 

Truncaivlina, c 

Trypanophia, Key, ! 
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47, p. Oe; Fig. 


r, Fig. 97, p!^12 


* life 0ycle, Fig. Il8, p. 288 

. ;l|ypat|iosomatidfl9, eharacteristiCB, 291 
IVroiuiosomiasis, 288 
TtX^era, Key, 352 « . 

^TuecfuroridsD, characteristios, 349 


UndeUa, Key, 409 . . 

Undulatiil^tnembraneB, 109, 149 • 

UnequaJ^ivision, 227 
UradiopMra, clasBification, 430 
Utceolarina, characteristlbs, 396 
Urceoliia, Key, 307 ' 

Uric acid, ' 

Umyfa, Key, 414 
Urcbarrouxiaf classification, 440 
Urocentrunu Key, 406 
' turbo, Fig. 168, p. 383 
Urogkna, Key, 300 

Urogjfnojpaia, americana, Fig. 18, p. 39 
odors and tastes, 52 
Key, 300 

Urolepius, Key, 410 

mobilis, conjugation merotomy, 
Fig. 220, p. 529 
nuclei fusing. Fig. 224, p. 
636 

. division rate) 206 
double individual, Fig. 16, p. 
37 

1 , Figs. 194, 5, 6, p. 




life cycle, 475 

synoptic tables, 
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macronudeus at divisioi 
104, p. 221 

* meiosis. Fig. 218, p. 525 
meiotic division,- 78 
mutations, 579 

• old age effects, Fig. 7, pj'd 
reorganization. Fig. 26, p. 66 

_ vitality graphs, Fig. 232, p. 
V668; F%. 237, p. 581; Kg. 
^ 198, p. 472 

Uroleptua piaces. Fig. 74, p. 145; Fig. 

175, p. 392 
Uronema, Key, 405 
Uronychia, iCey, 411 

tranafuffa. Fig. 107, p. 225 
. ^ merotomy. Fig. 108, p. 226; 

Fig. 202, p. 485 ^ 

Urophagua, Key. 3l2 
Ifyoeoma] Key, 410 • 


429 

434 


Utoapam, tUsm 

kuidia, Fi|. 1£4, p. 4 
Uro^Jla, Key, ^0 • 
Urostylide, ohantcteriBti#i, 390 
Urotn^, K^, 403 

fareaia, Fik.166, p. 378 
Urthiere, 1/ 

y 


Focudorta, Key, 307 
VaginicoUa, Key, 412 
Vaqinidina, classification, 355 
Jfahlkampfia. Key,* 357 

Umax, cnromklia, Fig. 29, p. 67 
cysts. Fig. 5, p. 24 
division, Fig. 99, p. 213 
Vampyrella, Key, 360 
Vampyrellidfle, characteristics, 325 
Ventral cirri, 160 
Vernetdina, classification, 356 
Vitality, 46, 466 
and life, 164 
curve of, 471 
defined, 166 
Volutin, 47 

Volvocidffi, characteristics, 281 
Volvox, 18, 306 

aureua. Fig. 136, p. 282 
glohalor, Kg. 136, p. 289 
VorticeUa, Key, 412 
Vorticellidse, characteristics, 396 


WagnereUa, Key, 342 
Wardia, classification, 453 


Yellow cells, 50 


“ 

ZeUeriella,^ey, 401 
Zonamyxa, Key, 358 
ZodchloreUoB, 50 

ZoOmastigoda. characteristics, 285 
ZoOsporioee, characteristics, 325 
Zodteira, Key, 342 
Meythamnium arbuacvla, 22 
Key, 412 ^ 

Zachokkella, classification, 453 
Zygocyatia, classification, 428 
Zygoaoma, classification, 428 
Zygote, definition, 418 
Zygotic meiosis, 531 
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